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ABSTRACT 

Identifying prestigious interdisciplinary journals is very 

significant for researchers. By publishing research works in 

prestigious journals, researchers can better propagate their works 

and get spotlights. Even though the quality of a paper is not 

represented by the journal that publish the paper, it is a general 

concern of researchers that how to identify a set of good journals 

to submit their papers. Nature and Science are the two journals 

that have been considering as the two top interdisciplinary 

journals worldwide. In this paper, we propose a method for 

identifying journals that have the potential to become the next 

Nature and Science through topological analysis of 

interdisciplinary scientific journals using citation data. By 

applying three different statistical methods (i.e., Multidimensional 

scaling, Principal component analysis, Cluster analysis), we 

identified a set of journals in which PNAS has the highest 

possibility to become the next Nature and Science. The study 

showed that citation data is a powerful data to measure similarity 

among journals. 
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1. INTRODUCTION 
Without doubt, the world’s most prestigious interdisciplinary  

journals are Nature and Science. While these two journals are 

prestigious, people, especially scholars could be interested in 

other journals that resemble these journals or have highest 

possibilities to become journals that are as prestigious as these 

two journals. There are many reasons why discovering such 

journals are meaningful and important.  For example, researchers 

can selectively choose these journals to submit papers. This could 

be a strategic way because these papers have high potential to 

become the next Nature and Science and this could be helpful in 

many cases such as tenure evaluation. Researchers can also 

identify a set of such journals and review them to find important 

research topics because prestigious journals are tend to publish 

high-impact papers. 

Discovering such journals is not easy because there are many 

factors that contribute to the prestige of Nature and Science, and 

we are not able to capture them all. In addition, in terms of impact 

factor and history, there are other journals that surpass Nature and 

Science, but not as prestigious as Nature and Science.  Based on 

the Journal Citation Reports 2013 of Web of Science, Nature has 

impact factor of 32 and Science has impact factor of 31, they rank 

5th and 22nd respectively. Obviously, there are other journals that 

have higher impact factors than these two journals, but not as 

prestigious. This means we cannot just rely on readily available 

factors to do the analysis because this method may cause loss of 

information. A good alternative is to use citation data. By using 

citation data, we can discover the topology of scientific journals in 

terms of citation patterns. Through these patterns, we can identify 

journals that resemble Nature and Science.  

In the area of bibliometrics, citation data have been used to 

identify author clusters from author co-citation networks [10], 

journal clusters [4] from journal citation networks, and perform 

subject area analysis [11] based on citation networks of major 

areas (e.g., Computer Science, Information Science, etc.). Recent 

years have witnessed a trend of using network-based bibliometrics 

indicators to differentiate the weight of citations (e.g., Eigenfactor, 

Y-Factor, and SCImago Journal Rank Indicator), with the 

assumption that a journal is prestigious if it is prestigious if it is 

cited by other prestigious journals [1, 2, 5, 8, and 9]. In these 

studies, citation data used as an efficient metric to measure 

similarities among journals, authors, and major areas. 

To the best of our knowledge, there was no study that tried to 

identify journals that resemble Nature or Science using citation 

data.  Thus, in this study, we investigate a set of journals that have 

potential to become the next Nature and Science by exploring a 

unique citation dataset. Specifically, we use journal-to-journal 
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citation data to measure similarities between interdisciplinary 

journals and Nature and Science by applying three different 

statistical methods including multidimensional scaling, principal 

component analysis, and cluster analysis.  

2. DATA  
Granted citation dataset from Elsevier is used. This dataset 

contains journal-level citation instances among all indexed fields 

during the past 15 years (1997-2011) with a two-year citation 

window. The dataset contains 4,287,565 citation records, 128,625 

journal and proceedings, and 324 subject area descriptions.  

In terms of identifying journals that are similar to Nature or 

Science, we can use various criteria such as history, impact factor, 

etc. But the limitation of this approach is that we cannot 

enumerate out all the criteria that affect the prestige of journals 

when finding the next Nature or Science. This means this 

approach causes information loss. Instead, citation data are a 

complete dataset that contains all the citation patterns of indexed 

journals, which is a meaningful and valuable dataset for analyzing 

relationships (e.g., similarity) among journals. 

Journal-to-journal citation data is used to monitor knowledge flow.  

A citation from journal A to journal B means knowledge flow 

from journal B to journal A because journal A imports knowledge 

from journal B by citing journal B (Figure 1). Thus, by 

monitoring citations, we can detect patterns of knowledge flow 

among journals. In turn, we can identify journals that have similar 

patterns with Nature or Science by investigating patterns of 

knowledge flow.  

 

Figure 1. Citation and knowledge flow 

As shown in Figure 1, two kinds of citations exist: incoming and 

outgoing citations. Thus, we can construct two kinds of citation 

matrices. Incoming citation is used to capture the status of cited 

journals, i.e., how cited journals are viewed by citing journals. 

Outgoing citation is used to capture knowledge composition of 

citing journals (Figure 2). Thus, we can capture two different 

patterns from these matrices. 

 

Figure 2. Incoming and outgoing citation matrices 

The number of columns in two matrices is the same as the number 

of interdisciplinary journals. In the dataset used in this study, all 

journals have ASJS code, which is used for classifying journals 

based on their topics. In our study, this code should be “1000”, 

because Nature and Science are interdisciplinary journals and 

“1000” represents interdisciplinary journals. Total 76 

interdisciplinary journals indexed by Elsevier were included in the 

analysis. The number of rows of these matrices is the same as the 

number of journals indexed by Elsevier, i.e., 128,625 journals 

were used. The study also focuses on temporal evolution of the 

topology of scientific journals by dividing the dataset into five 

groups (i.e., 1997/1999, 2000/2002, 2003/2005, 2006/2008, and 

2009/2011) and using 10 matrices (i.e. five incoming citation 

matrices and five outgoing citation matrices). 

3. METHODS 
Three types of statistical methods were used: Principal component 

analysis (PCA) [7], Multidimensional scaling [3], and Cluster 

analysis (Hierarchical clustering) [6].  

Principal component analysis was used to discover journals that 

share the same component with Nature and Science. PCA is 

generally used to explain as much variance as possible by using 

limited number of variables. Variables included in the same 

component tend to explain the same aspect of the original data, 

and we assume journals that share the same component have 

similarities. We first calculated correlations among journals based 

on citation matrices, and then applied PCA to the obtained 

correlation matrices. 

Multidimensional scaling was used to discover journals that are 

located the closest to Nature and Science. We used Euclidian 

distance as similarity measure and drew all the journals in a 2D 

map, and investigated the distance between these journals and 

Nature or Science. Journals that located near Nature or Science 

are the ones that are the most similar to Nature or Science. 

Clustering analysis was used to discover journals that share the 

same cluster with Nature and Science. We used hierarchical 

clustering to manually investigate journals that are clustered with 

Nature and Science. While K-means clustering requires users to 

pre-define the number of clusters, hierarchical clustering shows 

the whole process of clustering, and is more appropriate in our 

case. Complete linkage clustering was used as the linkage criteria. 

By synthesizing the results of these three analyses, we can get 

more meaningful results. We did not explicitly assign weights for 

each method, but synthetically considered all the results. 

4. RESULTS 
As incoming and outgoing citations signify different 

characteristics, we report the result of each analysis separately. 

Incoming citation analysis is used to identify journals that 

resemble Nature or Science from the perspective of citing journals; 

whereas outgoing citation analysis is for identifying journals that 

resemble Nature or Science in terms of knowledge composition 

because they tend to cite journals that also cited by Nature or 

Science. 

4.1 Outgoing Citation Analysis 

4.1.1 Principal Component Analysis 
Figure 3 shows the result of PCA across five time periods. 
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Figure 3. PCA result of outgoing citation analysis 

In each of the five time periods, the component in which Nature 

and Science have the highest factor loading was selected and other 

journals with factor loadings greater than 0.4 in the same 

component were selected. The result showed that PNAS and 

Scientist are the two journals that appeared all five times, and 

journals such as American Scientist, Current Science, and Chinese 

Science Bulletin appeared four times. This means PNAS and 

Scientist are the two journals that most resemble Nature and 

Science. 

4.1.2 Multidimensional Scaling 
Multidimensional scaling analysis was performed for each time 

period, and journals that close to Nature and Science in terms of 

dimensional distance were selected. Figure 4 shows selected 

journals for the time period of 2009/2011. They were also 

connected with Nature or Science with red lines to show the 

approximate distance. 

 

Figure 4. MDS result of outgoing citation for 2009/2011 

Based on five MDS maps, we can easily identify journals that are 

closely located with Nature or Science.  

Table 1. MDS result of outgoing citation 

1997/1999 2000/2002 2003/2005 2006/2008 2009/2011 

PNAS, 

Scientist, 

Scientific 

American, 

Natures 

Sciences 

Sociétés 

American 

Scientist, 

Chinese 

Science 

Bulletin, 

Current 

Science 

PNAS, 

Journal of 

the Royal 

Society of 

New 

Zealand, 

Natures 

Sciences 

Sociétés, 

Discovery 

and 

Innovatio

n, 

Scientist, 

American 

Scientist, 

Chinese 

Science 

Bulletin, 

Current 

Science 

PNAS, 

Journal of 

the Royal 

Society of 

New 

Zealand, 

Journal of 

Scientific 

Exploratio

n, Current 

Science, 

Chinese 

Science 

Bulletin, 

Scientist 

PNAS, 

Scientist, 

Scientific 

American, 

Natures 

Sciences 

Sociétés, 

Current 

Science 

PNAS, 

Scientific 

American, 

Science 

Technolog

y and 

Society, 

American 

Scientist 

 

We can divide them into two groups by reviewing five MDS maps 

(Table 1). Group A consists of two journals: PNAS and Scientist 

that are highly close to Nature or Science with the smallest 

distance. Group B consists of four journals: American Scientist, 

Current Science, Scientific American, and Chinese Science 

Bulletin that are close to Nature or Science. 

4.1.3 Cluster Analysis 
Hierarchical clustering was performed for each time period. 

Journals that belong to the same cluster with Nature and Science 

were identified. For hierarchical clustering, we need to manually 

cut the dendrogram to identify cluster. Thus, we selected journals 

that joined the cluster of Nature and Science at the early stage by 

reviewing the structure of dendrograms. Figure 5 shows the result 

of hierarchical clustering for the last time period 2009/2011. As 

we can see from Figure 5, journals such as PNAS, Scientist, and 

Scientific American were clustered in the same group with Nature 

and Science. When cutting the dendrogram, we tried to limit the 

number of journals (i.e., less than five) that are included in the 

same cluster with Nature and Science in order to select only 

highly similar journals. We can cut the dendrogram in many ways, 

but by applying our heuristic (i.e., less than five journals 

excluding Nature and Science in the cluster), we can cut the 

dendrogram as shown in Figure 5. 
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Figure 5. HCA result of outgoing citation for 2009/2011 

Based on the result of hierarchical clustering, we can also divide 

them into two groups (Table 2).  

Table 2. HCA result of outgoing citation 

1997/1999 2000/2002 2003/2005 2006/2008 2009/2011 

PNAS, 

American 

Scientist, 

Chinese 

Science 

Bulletin, 

Scientist,  

Natures 

Sciences 

Sociétés 

Scientist, 

PNAS, 

Chinese 

Science 

Bulletin, 

Current 

Science 

Scientist, 

PNAS, 

Current 

Science, 

Chinese 

Science 

Bulletin 

Scientist, 

PNAS, 

Natures 

Sciences 

Sociétés 

PNAS, 

Scientist, 

Scientific 

American 

 

Group A consists of two journals: PNAS and Scientist that are 

clustered with Nature and Science at the very early stage, and 

Group B consists of four journals: American Scientist, Current 

Science, Chinese Science Bulletin, and Natures Sciences Sociétés 

that are clustered with Nature and Science at early stage. 

In summary, based on the results of three different analyses, five 

journals that are closest to Nature and Science were detected, and 

they were divided into two groups based on similarity (i.e., group 

A has a greater similarity). PNAS and Scientist are in group A 

whereas American Scientist, Current Science, and Chinese 

Science Bulletin are in groups B (Figure 6). 

 

Figure 6. Journals that are similar to Nature and Science 

(Outgoing Citation) 

As someone may notice, PNAS is the official journal of the United 

States National Academy of Sciences. Interestingly, the other two 

journals appeared in Figure 6: Current Science and Chinese 

Science Bulletin are published by Indian Academy of Sciences 

and Chinese Academy of Sciences, respectively. This result shows 

that outgoing citations can meaningfully capture similarity among 

journals in terms of knowledge composition.   

4.2 Incoming Citation Analysis 
For incoming citations, we also used three statistical methods to 

identify journals that resemble Nature and Science. We assume 

that Nature and Science receives many citations because they are 

prestigious, and the volume of citations indirectly represents the 

status of these journals. Thus, by reviewing patterns of incoming 

citations, we can identify journals that have similar status to 

Nature and Science.  

4.2.1 Principal Component Analysis 
Figure 7 shows the result of PCA across five time periods based 

on incoming citation data (i.e., outgoing knowledge flow). 

Journals that are included in the same component with Nature and 

Science were identified. 

 

Figure 7. PCA result of incoming citation analysis 

As shown in Figure 7, PNAS and Scientific American appeared 

five times and American Scientist appeared three times. The result 

is quite different from that of outgoing citation.  

4.2.2 Multidimensional Scaling 
The MDS result of incoming citation for 2009/2011 is shown in 

Figure 8. Journals that are closely related to Nature and Science 

were identified. 
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Figure 8. MDS result of incoming citation for 2009/2011 

In Figure 8, PNAS, Scientist, and Scientific American are closely 

collocated with Nature and Science.   

By combining five MDS maps (Table 3), we also identified two 

groups based on distance. Group A includes PNAS while Group B 

includes Scientist and Scientific American. The result of incoming 

citations is largely different from that of outgoing citations. This 

means while there are journals similar to Nature and Science in 

terms of knowledge composition, not many journals are actually 

considered as counterparts of Nature and Science by other 

journals.   

Table 3. MDS result of incoming citation 

1997/1999 2000/2002 2003/2005 2006/2008 2009/2011 

PNAS PNAS N/A PNAS PNAS, 

Scientist, 

Scientific 

American 

 

4.2.3 Cluster Analysis 
Result of the hierarchical clustering analysis for incoming 

citations for 2009/2011 is shown in Figure 9. We also applied the 

same heuristics as outgoing citations and manually cut the 

dendrogram. 

 

Figure 9. HCA result of incoming citation for 2009/2011 

In Figure 9, PNAS and Scientist belong to the same cluster with 

Nature and Science. 

Table 4 shows the HCA result of incoming citation, which is very 

similar to the MDS result. 

Table 4. HCA result of incoming citation 

1997/1999 2000/2002 2003/2005 2006/2008 2009/2011 

PNAS PNAS PNAS PNAS PNAS, 

Scientist 

 

Based on the results of three different analyses, three journals that 

are the closest to Nature and Science were detected, and they were 

also divided into two groups based on similarity. Group A 

includes PNAS and Group B includes Scientist and Scientific 

American (Figure 10). 
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Figure 10. Journals that are similar to Nature and Science 

(Incoming Citation) 

By combing both incoming and outgoing citations, PNAS and 

Scientist are the two journals that are the closest to Nature and 

Science. They appeared in the results of both incoming and 

outgoing citation analyses. Because PNAS was included in group 

A in both analyses, it is the single closest journal to Nature and 

Science followed by Scientist. Even though there are journals that 

have higher impact factor and longer history than PNAS, PNAS 

was chosen as the next Nature and Science in this study. This 

means that the prestige of a journal is not decided by some 

apparent factors. Instead, by reviewing citation patterns, we can 

get more meaningful and well-rounded results. 

5. CONCLUSIONS 
In this study, we aimed to identify journals that resemble Nature 

and Science under the research question of “Which journals will 

be the next Nature or Science” by exploring journal-to-journal 

citation data from 1997 to 2011. Three different analyses (i.e., 

principal component analysis, multidimensional scaling, and 

cluster analysis) were used to answer the research question. Both 

incoming citation and outgoing citation data were analyzed 

separately in order to draw a more meaningful conclusion. 

The results showed that Proceedings of the National Academy of 

Sciences (PNAS) is the closest journal to Nature and Science, and 

we can conclude that among the 76 journals included in the 

analysis, PNAS has the highest possibility to become the next 

Nature and Science. Other journals such as Scientist, American 

Scientist, Current Science, Chinese Science Bulletin, and 

Scientific American are similar to Nature and Science in some 

degree, but we still need more concrete evidence. The results also 

showed that topological analysis of journals is a reasonable and 

applicable way to capture similarity of journals. Especially, one 

can focus on the temporal evolution to find out the changing 

landscape of topology.  

Results also showed that citation data is a powerful asset to 

measure similarity among journals. Patterns captured in incoming 

and outgoing citation data can be directly used as similarity 

measure and complement the limitations of multiple criterion-

based method. 

While the methods and results of this study help draw solid 

conclusions, there are also some limitations. The study focused on 

76 interdisciplinary scientific journals indexed by Elsevier, and 

omitted journals that are not indexed by Elsevier or not assigned 

to the same subject area as those 76 journals. Furthermore, the 

results are purely based on citation patterns, other editorial, 

managerial, and latent socio-technical factors were not captured. 

As a feature work, we plan to expand our dataset and construct an 

integrated metric that can rank the possibility to become the next 

Nature and Science in a more automated way.  
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