
Results for clustering evaluation measures other than 

silhouette coefficient  
 

In this work, we used the silhouette coefficient [1,2] to evaluate all the clustering results 

and estimated the optimal number of clusters. Clustering evaluation measures are 

classified into internal evaluation measures and external evaluation measures [1,2]. 

Internal evaluation measures including the silhouette coefficient evaluate the clustering 

result using only the result of clustering itself. Such scores indicate the degree of cluster 

cohesion and the degree of separation between clusters. Contrary, external evaluation 

measures evaluate the clustering result using the result of clustering and external 

measures such as prior knowledge. Such scores indicate the agreement between clusters 

and external measures. 

In our analysis, internal evaluation measures other than the silhouette coefficient could 

be introduced to estimate the optimal number of clusters. Besides, we also have prior 

knowledge such as NaCl-related cells and known functional modules as defined by Saul 

Kato et al. [3], we can set such information as external measures and conduct an external 

evaluation. 

However, in our analysis, the measures other than the silhouette coefficient did not 

successfully estimate the optimal number of clusters. For example, we performed internal 

measures such as pseudo F-measure, kNN, and connectivity [1,2] (Figure S15-1) but the 

changes in values were smooth and it was difficult to find the optimal number of clusters 

as rapidly changing values like the scree plot (elbow plot) in PCA and k-means [1], nor 

to automatically estimate the number of clusters by choosing the local minimum and 

maximum. 

We also performed ARI, purity, F-measure, and entropy [1,2] as external measures 

(Figure S15-2) but most of them showed unstable and jagged curves, and the number of 

clusters was underestimated when the local minimum and maximum values were 

considered as the optimal clusters (e.g., 2 in ARI). Such a small number of clusters could 

not separate the functional modules of the cells, which are the subjects of our study. 

Therefore, such measures were considered inappropriate for our analysis. 

Based on the above empirical comparison, we recommend first checking the plot of 



silhouette coefficients per cell in WormTensor. All these clustering measures are 

implemented in the WormTensor package and can be validated by the user on their data. 

 

Figure S15-1 | Empirical comparison of internal evaluation for time-series 

clustering. The x-axis indicates the number of clusters, and the y-axis indicates the 

value of scores. The black line indicates the results of clustering by CSPA with mSBD. 

The red line indicates the results of clustering by MC-MI-HOOI with mSBD 

(WormTensor). The colored dots are the results of hierarchical clustering for each 

animal. The smaller the connectivity and the larger the other measures, the more 

cohesive the clusters obtained by clustering and the more separated the clusters are. 

 



 

 Figure S15-2 | Empirical comparison of external evaluation for time-series 

clustering. The x-axis indicates the number of clusters, and the y-axis indicates the 

value of scores. The black line indicates the results of clustering by CSPA with mSBD. 

The red line indicates the results of clustering by MC-MI-HOOI with mSBD 

(WormTensor). The colored dots are the results of hierarchical clustering for each 

animal. The smaller the entropy and the larger the other measures, the more cohesive 

the clusters obtained by clustering and the more separated the clusters are. The way of 

separation by clustering is in good agreement with the way of separation by external 

measures (e.g., prior knowledge). 
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