
Guess who is guessing?

The classical game “Guess who?”, mathematically speaking, is a game aimed at 
recognising one object among a given set of objects. In order to do so, one can ask yes/no 
questions (where previous answers influence the choice of the next question).
The best questions to be asked at any round are those where for half of the objects the 
answer would be “yes" and for the other half of the objects the answer would be “no", 
because this allows to discard many objects. Indeed, given any question, one can 
subdivide the objects into two groups according to the two possible answers: the object 
one looks for will most likely be in the larger group, meaning that the smaller group will be 
discarded (notice that our strategy maximises the smaller group hence the amount of 
discarded objects).
The challenge of the actual game is looking at the given set of objects and formulating a 
question that has a positive answer for half of the objects. In the game, the objects have 
different properties and, imagining the objects would be animals, one could ask for 
example: “Does the animal swim or fly, but is neither a parrot nor a bear?”.
The number of moves (with the above “binary search” strategy in the worst case scenario) 
can easily be computed. Would the number of initial objects be a power of 2, then the 
number of moves would be the binary logarithm minus 1. In general, if there are n objects, 
then the number of moves is the same as the one for N objects, where N is the smallest 
power of 2 larger than or equal to n. To see this, we may first reduce to the case where n is 
odd by spending one move for each prime factor 2; then we see that increasing n by 1 
does not change the number of moves (by looking at the digits in base 2, it is clear that the 
number eventually turns into a power of 2).
For a competitive game with parallel searches, the challenge is taking risks in the most 
effective way. Indeed, if some of the adversaries is ahead, then the classical strategy is too 
slow, and we have to take risks to catch up (but taking a higher risk is more likely to fail, so 
one should try their own chance, but as little as possible). However, even this variant 
becomes a solved game.
Another variant would consist in asking all questions at once, however this one-round  
variant is not a game (the situation being always the same) but it is rather the 
mathematical problem of minimising the number of questions that solve all games, 
distinguishing all objects with the least amount of properties. 
Instead, what about changing the rules of the game so that one has to identify a subset of 
the given objects (possibly with a known number of objects)? In some sense, one could 
make the list of subsets that can appear and treat them as objects, so the mathematical 
challenge is the same. In practice, however, just by looking at the given objects, which 
question is more effective for example between “The subset does not contain any animal 
that swims?” and “Is it true that all animals in the subset swim or they all cannot swim?”? 
This advanced version of the game might entertained those who are done with the 
standard game. And the aim could be either that one identifies the whole subset, or at 
least one element. Or maybe one has a bounded amount of rounds and afterwards one 
has to make a guess, and the player with most matches wins.
Notice that, with assistance, many four years old can play the standard version of the 
game “Guess who?” to train their logical and visual skills. And the game is also suitable for 
elderly people, if one takes into account that pictures might have to be made larger to 
compensate for sight impairments. 
Finally, if one wants to train memory skills, then one can select for example only 8 objects 
and store all information mentally (the actual game has cards representing the objects and 
discarding the objects is achieved by discarding cards).


