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I try to be systematic to not lose possibilities. I will denote people by numbers, from 1 to the maximum number in each case, and the increasing numbers correspond to increasing heights.
I see that person number 1 must be placed in the left-down corner of the photo, and the highest person stays in the right – top position.

I start with 2 people. There is only 1 possibility, as follows:



2



1

For 4 people, 1 and 4 are fixed, and there are two possibilities for 3 and 4:



2   4


3  4



1  3


1  2

For 6 people, 1 and 6 are fixed. I start first fixing 2 in the first line, and I see that there are 3 possibilities for the last person in the first line: 3, 4 and 5:


4  5  6


3  5  6


3  4  6


1  2  3


1  2  4


1  2  5

If 2 is on the second line, 3 must be in the first line, and the last in the first line could be 4 or 5, leaving so 2 possibilities:

2  5  6


2  4  6


1  3  4


1  3  5

I count 3 + 2 = 5 possibilities for 6 people.

For 8 people, I work in a similar manner, so 1 and 8 are fixed. 

I start fixing 2 in the first line, beside 1. Fixing also 3 besides 2, I found 4 possibilities for the last position in the first line: 4, 5, 6 or 7.


5  6  7  8
4  6  7  8
4  5  7  8
4  5  6  8


1  2  3  4
1  2  3  5
1  2  3  6 
1  2  3  7

Now I fix person number 3 on the first position in the second line. 

If 4 is on the first line, beside 2, there are 3 possibilities:


3  6  7  8
3  5  7  8
3  5  6  8


1  2  4  5
1  2  4  6 
1  2  4  7

If 5 is besides 2, there are 2 possibilities:


3  4  7  8
3  4  6  8


1  2  5  6
1  2  5  7

Now I put 2 on the second line. In this case, 3 must be on the first, besides 1.

I fix 4 on the first line, too. There are 3 possibilities:


2  6  7  8
2  5  7  8
2  5  6  8


1  3  4  5
1  3  4  6
1  3  4  7

If 4 goes on the last line, 5 is besides 3 on the first, and there are 2 possibilities for the last position, 6 and 7.

This means that for 8 people, there are (4 +3 +2) + (3 + 2) = 14 possibilities.

For 10 people, I perform a similar procedure, I shall describe briefly without writing all the numbers. I see that 1 and 10 are fixed. 

- I start with 1  2  3  4  in the first line, and there are 5 possibilities for the last position: 5, 6, 7, 8 and 9.

- If 4 goes on the second line, than in the first there will be 1  2  3  5, and there are 4 possibilities for the last place: 6, 7, 8 and 9.

- If 5 goes besides 4 on the second line, than in the first there will be 1  2  3  6 and there are 3 possibilities for the last place: 7, 8 and 9.

- If 6 goes also on the second, there will be 1  2  3  7  8   or 1  2  3  7  9 in the first.

So, for the sequence 1  2  3 in the first line, there are (5 + 4 + 3 + 2) possibilities.

I change 3 on the second line. 

- If on the first line there is the sequence 1 2 4 5, there are 4 possibilities for the last place: 6, 7, 8 and 9.
- If 4 goes on the second line, than on the first there will be 1 2 5 6 followed by 7, 8 or 9 – 3 possibilities

- If 5 goes too on the second line, than 1 2 6 7 will be followed by 8 or 9 – 2 possibilities.

So, for the group


3  x  x  x  10


1  2  x  x  x   ,

there are (4 + 3 + 2) possibilities.

Studying all the possibilities further, I arrived at the conclusion that for 10 people, I find the following number of possibilities:


(5 + 4 + 3 + 2) + (4 + 3 + 2) + (3 + 2) 


14 + 9 + 5



+ (4 + 3 + 2) + (3 + 2)



     + 9 + 5
------------------------------------------------------

= 42

Summarising, up to now I found the following table:

No. of people

|
2
4
 6
 8 
 10

-------------------------- | -------------------------------------------------

No  of possibilities
|
1
2
5
14
 42

For 12 people, I see that there are 132 possibilities, which could be counted as:

(6 + 5 + 4 + 3 + 2) + (5 + 4 + 3 + 2) + (4 + 3 + 2) + ( 3 + 2) 



48



      + ((5 + 4 + 3 + 2) + (4 + 3 + 2) + ( 3 + 2)



28





          + (4 + 3 + 2) + ( 3 + 2)



14



      + ((5 + 4 + 3 + 2) + (4 + 3 + 2) + ( 3 + 2)



28





          + (4 + 3 + 2) + ( 3 + 2)



14

------------------------------------------------------------------------



     = 132

At this point, I had the chance to look back on the problem, on the Nrich site, and to discover the link to the problem “Counting binary ops”. I recognized the numbers I found (1, 2, 5, 14, 42, 132) as being the first terms of the sequence of Catalan numbers. Looking more for Catalan numbers, e.g. at http://mathworld.wolfram.com/CatalanNumber.html , I found both the recurrence relation and the explicit formula. If Cn is the n-th Catalan number (n being for our problem the number of places in one line, i.e. half the number of people),
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or, if C0 = 1 (there is exactly one way of arranging zero people: don’t put them in any way), then:
C1 = C0C0 






C2 = C1C0 + C0C1 






C3 = C2C0 + C1C1 + C0C2 





C4 = C3C0 + C2C1 + C1C2 + C0C3 




Cn = Cn−1C0 + Cn−2C1 + · · · + C1Cn−2 + C0Cn−1 


I have found that Richard P. Stanley has shown (http://www-math.mit.edu/~rstan/ec/catalan.pdf ) that the number of distinct standard Young tableaux of shape (n; n) form the sequence of Catalan Numbers. But the arrangements in the photo are Young tableaux with reversed lines.
To complete the solution, it is necessary either to show the correspondence between this problem and a classical problem involving Catalan Numbers (e.g. Euler’s polygon division problem), or to find the recursive (or explicit) formula for the number of possibilities of arranging people in the photo. I believe that the way I started to group possibilities to arrange people in the photo could conduce to a recurrence relation – but I didn’t manage.
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