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The black box of journal rankings 

PROBLEM 



O  Citation Network 
Metrics	  can	  be	  seen	  as	  flow	  models	  of	  different	  
Markov	  order	  that	  seek	  to	  capture	  researchers	  
naviga:ng	  scholarly	  literature	  

How to evaluate science? 



O 	  A	  =	  Cita:ons	  in	  2006	  and	  2007	  from	  ar:cles	  in	  indexed	  journals	  during	  2008	  
O 	  B	  =	  the	  total	  number	  of	  "citable	  items"	  published	  by	  journal	  in	  2006	  and	  2007	  	  
O 	  Impact	  factor	  2008	  =	  A/B	  

Zero-order model:  Independent of the currently visited journal 

Impact factor 



Eigenfactor 

First-order model: Depends only on the currently visited journal 



Second-order model: Depend both on the currently visited journal 
and the previously visited journal. 

 

 

 

 

Second-order model?  



Can we trust journal 
rankings? 



O  Thomson Reuters Web of Science 

O  Year 2007 

 
 
 
 

 

 

 

Data 



Publication year 

2002-2006   2007 



Publication year 

2002-2006   2007   2008-2012  



Publication year 
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Zero-order Markov

1. 33.7 Annu Rev Immunol . . .

2. 27.1 Rev Mod Phys . . . . . . .

3. 25.1 Ca-Cancer J Clin . . . . .

4. 24.9 Physiol Rev . . . . . . . . . .

5. 23.8 Nat Rev Cancer . . . . . .

6. 23.2 New Engl J Med . . . . .

7. 22.7 Annu Rev Biochem . . .

8. 21.5 Nat Rev Immunol . . . .

9. 20.6 Annu Rev Neurosci . . .

10. 19.9 Nat Rev Mol Cell Bio

11. 18.0 Chem Rev . . . . . . . . . . .

12. 17.6 Cell . . . . . . . . . . . . . . . . .

13. 17.3 Annu Rev Cell Dev Bi

14. 16.9 Nat Med . . . . . . . . . . . .

15. 16.9 Nat Immunol . . . . . . . .

16. 16.8 Nature . . . . . . . . . . . . . .

17. 16.7 Science . . . . . . . . . . . . . .

18. 16.3 Nat Rev Neurosci . . . .

19. 15.9 Endocr Rev . . . . . . . . . .

20. 15.1 Annu Rev Astron Astr

First-order Markov

1. 53.2 Annu Rev Immunol . . .

2. 39.7 Annu Rev Biochem . . .

3. 34.7 Nat Rev Mol Cell Bio

4. 33.4 Cell . . . . . . . . . . . . . . . . .

5. 33.2 Annu Rev Neurosci . . .

6. 32.6 Annu Rev Cell Dev Bi

7. 32.5 Nat Rev Cancer . . . . . .

8. 32.1 Nat Rev Immunol . . . .

9. 31.9 Rev Mod Phys . . . . . . .

10. 29.1 Physiol Rev . . . . . . . . . .

11. 28.9 Nat Immunol . . . . . . . .

12. 26.0 Ca-Cancer J Clin . . . . .

13. 25.4 New Engl J Med . . . . .

14. 25.1 Nature . . . . . . . . . . . . . .

15. 24.0 Nat Genet . . . . . . . . . . .

16. 24.0 Science . . . . . . . . . . . . . .

17. 23.0 Nat Rev Neurosci . . . .

18. 22.0 Nat Med . . . . . . . . . . . .

19. 22.0 Annu Rev Astron Astr

20. 21.5 Annu Rev Genet . . . . .

Second-order Markov

1. 73.2 Annu Rev Immunol

2. 57.1 Annu Rev Biochem

3. 50.7 Nat Rev Mol Cell Bio

4. 50.7 Cell

5. 49.2 Annu Rev Cell Dev Bi

6. 45.7 Annu Rev Neurosci

7. 43.6 Nat Rev Cancer

8. 43.3 Nat Rev Immunol

9. 41.6 Nat Immunol

10. 36.4 Physiol Rev

11. 34.7 Nat Genet

12. 32.7 Nat Cell Biol

13. 32.7 Ca-Cancer J Clin

14. 32.3 New Engl J Med

15. 31.3 Nature

16. 30.3 Immunity

17. 30.2 Annu Rev Genet

18. 30.0 Gene Dev

19. 29.8 Rev Mod Phys

20. 29.5 Nat Rev Neurosci

Figure 3: Gainers and losers among top journals. Comparison of journal rankings for zero-, first- and second-order Markov models of citation
flow. The ranking lists show the top 20 journals in 2007 for each model with citation data from Thomson Reuters Web of Science. Arrows
connect journals from lower- to higher-order Markov models. Blue arrows for gainers, red arrows for losers, and black arrows for journals that
do not change the rank order. Dashed arrows for journals that are not in the top 20 in all rankings. The ranking scores in gray.
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Figure 4: Higher-order Markov models have wider range of ranking
scores. The cumulative distribution of journal frequency (dashed)
and journal ranking scores (solid) for zero-, first-, and second-order
Markov models. The points indicate the cumulative ranking scores
for the journals that are ranked 100 in each ranking.

and more specific re-distribution of flow value, the range
of scores is even wider.

Figure 4 shows the cumulative journal frequency and
ranking scores. The cumulative ranking scores show that
the top 100 journals in the first-order Markov model share

15.9% of all flow, whereas the top 100 journals in the
second-order Markov model share 27.0% of all flow. The
first-order model is in between the other models with
21.2% of all flow. The trend that higher-order Markov
models show a wider range in ranking scores for top
journals holds also for lower ranked journals. For exam-
ple, the cumulative frequency distributions is higher for
the second-order Markov model than for the zero-order
Markov model for any intermediate ranking score, again
with the first-order model in between (Fig.4). Overall,
the higher-order Markov models show a wide range of
scores from the lowest to the highest values.

Comparing robustness

A method that is good in theory is of little use if the
results are not robust in practice. For journal rankings,
the most crucial factor is how robust the results are to
the particular selection of journals included in the anal-
ysis. For journals indexed by Thomson Reuters Web of
Science, the citation data are more or less complete for
the indexed journals. However, only a fraction of jour-
nals are indexed and the rankings inevitably depend on
the selection. Therefore, we examined the robustness of
the di↵erent models by performing analysis on random
sub-samples of the set of all journals. We generated sub-
samples that contained 90%, 80%,. . . , 10% of all journals
by randomly removing 10%, 20%,. . . , 90% of the jour-
nals. For each sub-sample size, we generated 10 samples
and measured the ranking similarity between all pairs of
rankings for each model. We used the normalized mutual
information for rankings to measure the similarity (23).

RESULTS 
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Top 100 journals 
 
16 % 
21 % 
27 % 
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RESULTS 



Local noise Flow propagation Time proximity 

0th order 

1st order 

2nd order 

Summary 





Thanks for listening! 


