
Supplementary methods 

We want to compute a substitutability score such as: 

1. Two items are highly substitutable if they are consumed in similar contexts.  

2. Two items are less substitutable if they are consumed together (association).  

3. Substitutability is a symmetrical relationship. 

Let us denote, for an item 𝑥 , the context set 𝐶𝑥 as the set of dietary contexts in which 𝑥  is a consumed  

item. If the number of items  in 𝐶𝑥 (denoted as |𝐶𝑥|) is high, then 𝑥 will be substitutable in many dietary 

contexts.  

For two items 𝑥  and 𝑦 , the condition ‘1’ is described by the intersection of 𝐶𝑥and 𝐶𝑦 , (noted as 𝐶𝑥 ∩ 𝐶𝑦 , 

i.e. the dietary contexts in which 𝑥 and 𝑦 appears). If  |𝐶𝑥 ∩ 𝐶𝑦| (i.e. the number of dietary contexts in 

which 𝑥 and 𝑦 appears)  is high, then 𝑥 and 𝑦 are consumed in similar contexts. As |𝐶𝑥 ∩ 𝐶𝑦| will 

inevitably be higher if 𝑥 or 𝑦 are frequently consumed items, |𝐶𝑥 ∩ 𝐶𝑦| needs to be corrected by 

|𝐶𝑥 ∪ 𝐶𝑦| (i.e. the number of dietary contexts in which 𝑥 or 𝑦 appears) to provide a first estimation of 

substitutability between 𝑥 and 𝑦.  

 We denote 𝐴𝑥:𝑦 the set of contexts of 𝑥 where 𝑦 appears. The number of items in 𝐴𝑥:𝑦 denotes how 𝑦  is 

associated to 𝑥 . Condition ‘2’ also implies that the substitutability score of  𝑥 by 𝑦 must be corrected by 

|𝐴𝑥:𝑦| + |𝐴𝑦:𝑥| . We thus propose the substitutability score inspired by the Jaccard index (24): 

𝑓(𝑥, 𝑦)  =  
|𝐶𝑥⋂𝐶𝑦|

|𝐶𝑥 ∪ 𝐶𝑦| +  |𝐴𝑥:𝑦| + |𝐴𝑦:𝑥|
 

This score equals 1 when 𝑥 and 𝑦  appear in the same contexts and |𝐴𝑥:𝑦| =  |𝐴𝑦:𝑥| = |∅| . If 𝑥  and 𝑦  are 

never consumed in the same context then the score equals 0 . The higher |𝐴𝑥:𝑦| +  |𝐴𝑦:𝑥| is, the higher the 

association of 𝑥  and 𝑦  is and the lower the score is. It is important to note that, in general,  |𝐴𝑥:𝑦| ≠

 |𝐴𝑦:𝑥|. For instance let’s consider 𝑏𝑟𝑒𝑎𝑑  and 𝑗𝑎𝑚 , overall, 𝑏𝑟𝑒𝑎𝑑 is rarely associated with 𝑗𝑎𝑚 as a 

consequence |𝐴𝑏𝑟𝑒𝑎𝑑:𝑗𝑎𝑚|  is quite small, whereas since 𝑗𝑎𝑚 is often associated with  𝑏𝑟𝑒𝑎𝑑 ,  

|𝐴𝑗𝑎𝑚:𝑏𝑟𝑒𝑎𝑑| is high.  

https://www.zotero.org/google-docs/?Os9dEY


Here is a simple example of calculation of a substitutability score; let’s consider the 6 following meals: 

Meal 1: (𝑝𝑎𝑠𝑡𝑎, 𝑡𝑜𝑚𝑎𝑡𝑜 𝑠𝑎𝑢𝑐𝑒, 𝑐ℎ𝑖𝑐𝑘𝑒𝑛) 

Meal 2: (𝑝𝑎𝑠𝑡𝑎, 𝑡𝑜𝑚𝑎𝑡𝑜 𝑠𝑎𝑢𝑐𝑒, 𝑚𝑒𝑎𝑡𝑏𝑎𝑙𝑙𝑠) 

Meal 3: (𝑝𝑎𝑠𝑡𝑎, 𝑝𝑒𝑠𝑡𝑜, 𝑚𝑒𝑎𝑡𝑏𝑎𝑙𝑙𝑠) 

Meal 4: (𝑝𝑎𝑠𝑡𝑎, 𝑝𝑒𝑠𝑡𝑜, 𝑐ℎ𝑖𝑐𝑘𝑒𝑛) 

Meal 5: (𝑟𝑖𝑐𝑒, 𝑐ℎ𝑖𝑐𝑘𝑒𝑛) 

Meal 6: (𝑐ℎ𝑖𝑝𝑠, 𝑚𝑒𝑎𝑡𝑏𝑎𝑙𝑙𝑠) 

We then obtain the following sets:  

𝐶𝑐ℎ𝑖𝑐𝑘𝑒𝑛 =< 𝑝𝑎𝑠𝑡𝑎, 𝑡𝑜𝑚𝑎𝑡𝑜 𝑠𝑎𝑢𝑐𝑒 >; < 𝑝𝑎𝑠𝑡𝑎, 𝑝𝑒𝑠𝑡𝑜 >; < 𝑟𝑖𝑐𝑒 > 

𝐶𝑚𝑒𝑎𝑡−𝑏𝑎𝑙𝑙𝑠 =< 𝑝𝑎𝑠𝑡𝑎, 𝑡𝑜𝑚𝑎𝑡𝑜 𝑠𝑎𝑢𝑐𝑒 >; < 𝑝𝑎𝑠𝑡𝑎, 𝑝𝑒𝑠𝑡𝑜 >; < 𝑐ℎ𝑖𝑝𝑠 > 

|𝐶𝑐ℎ𝑖𝑐𝑘𝑒𝑛 ∩ 𝐶𝑚𝑒𝑎𝑡𝑏𝑎𝑙𝑙𝑠| =  2 

|𝐶𝑐ℎ𝑖𝑐𝑘𝑒𝑛 ∪ 𝐶𝑚𝑒𝑎𝑡𝑏𝑎𝑙𝑙𝑠| =  4 

|𝐴𝑐ℎ𝑖𝑐𝑘𝑒𝑛:𝑚𝑒𝑎𝑡𝑏𝑎𝑙𝑙𝑠| = |∅|  =  0 

|𝐴𝑚𝑒𝑎𝑡𝑏𝑎𝑙𝑙𝑠:𝑐ℎ𝑖𝑐𝑘𝑒𝑛| = |∅|  =  0 

𝑓(𝑐ℎ𝑖𝑐𝑘𝑒𝑛, 𝑚𝑒𝑎𝑡𝑏𝑎𝑙𝑙𝑠)  =  
|𝐶𝑐ℎ𝑖𝑐𝑘𝑒𝑛⋂𝐶𝑚𝑒𝑎𝑡𝑏𝑎𝑙𝑙𝑠|

|𝐶𝑐ℎ𝑖𝑐𝑘𝑒𝑛⋃𝐶𝑚𝑒𝑎𝑡𝑏𝑎𝑙𝑙𝑠| + |𝐴𝑐ℎ𝑖𝑐𝑘𝑒𝑛:𝑚𝑒𝑎𝑡𝑏𝑎𝑙𝑙𝑠| + |𝐴𝑚𝑒𝑎𝑡𝑏𝑎𝑙𝑙𝑠:𝑐ℎ𝑖𝑐𝑘𝑒𝑛|
 =  0.5 

 


