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Suppose you are interested  in studying
project teams. In particular, you would  like to
know if teams composed  of people w ho have
worked  together on other project teams will
be more successful than teams in which the
members have  never worked  together. But
rather than simply classifying teams into two
categories (1=some members have worked
together before; 0=none have worked  to-
gether), you would  like to define a continuous
variable ind icating the extent to which group
members have worked  together. 

There are many approaches that can be taken
here. One is a multid imensional set of vari-
ables that separately measures  d ifferent  as-
pects of working togetherness, such as:

C The number of ind ividuals that  have
experience with any other member of the
team

C The number of pairs, trip les and  other
combinations of members that have
worked  together before

C The number of times (projects) that any
combination of members has worked
together in the past

Another approach is to create a single
measure that is intended  to capture all of
these aspects. This is the approach we take
here.

As networkers, our every instinct says ‘for
each team, construct a member-by-member

ijmatrix X of past collaborations, where x  gives
the number of projects that members i and  j
have collaborated  on in the past, then sum all
the entries in the matrix’. This measure could
also be normalized  by d ivid ing by the
number of pairs, giving a kind  of density of
interaction. 

The trouble with this measure is that it
double-counts projects in which more than
one pair of present members collaborated . For
example, if a past project included  three
members of the current team, then it would
be counted  for i and  j, for i and  k, and  again
for j and  k. While it is not completely clear
that this is undesirable, we wanted  to develop
a measure that d id  not have this “feature”.

Perhaps the easiest way to do this is to first
create a measure of non-collaboration and
then reverse it by taking either its add itive or
multiplicative inverse.

Consider a team composed  of ind ividuals A,
B, C, and  D. Accord ing to their résumés, these
ind ividuals have previously worked  on 1, 2, 3,
and  4 p rojects respectively. If none had  ever
collaborated  before, then all these projects
would  be d istinct, and  the total number of
projects in their collective experience would
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Figure 1. Circles  are resum es of persons A ,B,C.

N um bers  are  ID  cod es  of their past projects .

Figu re 2. A ll  three ind ivid uals  have iden tical

résum és.

be 1+2+3+4=10. By looking at which projects
each ind ividual actually worked  on, w e can
count how many d ifferent projects there
really were. A reasonable measure of non-col-
laboration can be constructed  by d ivid ing the
actual number of d istinct projects by the
maximum possible (in this case, 10). This
yields the following definition:

where the letters A, B and  C refer to ind i-
viduals (who are represented  by the sets of
projects in their past), and  the notation | X|
ind icates the size of a set X. The numerator of
the formula, then, is the number of d ifferent
projects in the collection of all résumés, and
the denominator is the sum of the sizes (i.e.,
number of projects) of each résumé.

A measure of collaboration can then be
defined  as one minus non-collaboration as
follow s:

When the résumés are completely d isjoint, 0
achieves its maximum value of 1/ 1=1.0, and
. achieves its minimum value of 1-1=0.0.
When the résumés are identical, . achieves its
maximum value of 1-0=1, which occurs when
the team members have always and  only
worked  with each other in the past.

One difficulty with this measure concerns its
maximum value, which is determined  by the
minimum value of 0. If we take as given the
size of each ind ividual résumé, then we can
see that the minimum value of the numerator
of 0 is equal to the size of the largest vita. In
other words, even when there is perfect past
collaboration, the fewest possible number of
d istinct projects is at least as big as one ind ivi-
dual’s own set of d istinct projects. 

For example, consider Figure 1 which depicts
the projects belonging to the résumés of three
people (A, B and  C). A is the set {1,2,3,4},
B={4}, and  C={1,2,4}. Accord ing to our for-

mula, 0 = 4/ 8 = 0.5, and  . = 1 - 0.5 = 0.5
which suggests middling overlap in résumés.
Yet the projects of these ind ividuals overlap
as much as possible given that some
individuals w ere on fewer projects than
others. 

To correct this problem, we can subtract the
minimum possible number of d istinct projects
from  both  th e n u m erator  an d  th e
denominator of 0. This minimum value is
equal to the size of the largest vita. The
corrected  formula for 0 is:

and

When applied  to the situation in Figure 1, the
corrected  0' equals (4-4)/ (8-4)=0, and  .'=1.0.

Both . and  .' are useful measures: neither is
better than the other in all situations. For
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example, consider the situation depicted  in
Figure 2. The new measure is again 1.0, and
so does not distinguish between the situations
in Figure 1 and  Figure 2. In contrast, the old
measure only achieves 1.0 in the second  fi-
gure, ind icating more past collaboration in
Figure 2.

Which is better depends on the circumstances
of the research in which they w ill be used . For
example, if non-collaboration is being used  as
an index for the amount of exposure that team
members have had  to “foreign” ideas learned
in other projects (i.e., a d iversity index), it
seems likely that the normalized  measure 0' is
the preferred  one; in Figure 1, none of the
members have worked  on w holly outside
projects, and  0' = 0.0. 

In contrast, if the argument is that the more
that all of the people work together the better
their team performance, then we w ant a
measure that d istinguishes between Figures 1
and  2, since in Figure 2 more of the people
have worked  more often together.

EXAMPLE

Consider the well-known dataset collected  by
Davis, Gardner and  Gardner (1941) in the
which the rows are women and  the columns
are events as show n here: 

                             1 1 1 1 1
           1 2 3 4 5 6 7 8 9 0 1 2 3 4
           - - - - - - - - - - - - - -
   EVELYN  1 1 1 1 1 1 0 1 1 0 0 0 0 0
    LAURA  1 1 1 0 1 1 1 1 0 0 0 0 0 0
  THERESA  0 1 1 1 1 1 1 1 1 0 0 0 0 0
   BRENDA  1 0 1 1 1 1 1 1 0 0 0 0 0 0
CHARLOTTE  0 0 1 1 1 0 1 0 0 0 0 0 0 0
  FRANCES  0 0 1 0 1 1 0 1 0 0 0 0 0 0
  ELEANOR  0 0 0 0 1 1 1 1 0 0 0 0 0 0
    PEARL  0 0 0 0 0 1 0 1 1 0 0 0 0 0
     RUTH  0 0 0 0 1 0 1 1 1 0 0 0 0 0
    VERNE  0 0 0 0 0 0 1 1 1 0 0 1 0 0
    MYRNA  0 0 0 0 0 0 0 1 1 1 0 1 0 0
KATHERINE  0 0 0 0 0 0 0 1 1 1 0 1 1 1
   SYLVIA  0 0 0 0 0 0 1 1 1 1 0 1 1 1
     NORA  0 0 0 0 0 1 1 0 1 1 1 1 1 1
    HELEN  0 0 0 0 0 0 1 1 0 1 1 1 1 1
  DOROTHY  0 0 0 0 0 0 0 1 1 1 0 1 0 0
   OLIVIA  0 0 0 0 0 0 0 0 1 0 1 0 0 0

    FLORA  0 0 0 0 0 0 0 0 1 0 1 0 0 0

Let us pretend  that the events are ordered
chronologically, so that event 1 w as the first
event and  event 14 was the last. This is not a
requirement of the method, but shows how to
apply the method  in the case of time-ordered
data (such as film projects, basketball games,
and  so on). To calculate the 0 and  . coef-
ficients for each event, we start from the left
and  consider all events up to bu t not includ-
ing the current event. The coefficients cannot
be calculated  for the first event since at that
point all women have empty event histories.
For, say, event 3, 0=2/ 6, so .=.67. The
corresponding normalized  figures are 0'=(2-
2)/ (6-1)=0.0 and  .'=1.0. Statistics for all the
events (except #1) are as follow s:

Raw Normalized

Event 0 . 0' .'

2 0.500 0.500 0.000 1.000

3 0.333 0.667 0.000 1.000

4 0.375 0.625 0.000 1.000

5 0.250 0.750 0.000 1.000

6 0.250 0.750 0.000 1.000

7 0.363 0.727 0.059 0.941

8 0.194 0.806 0.033 0.967

9 0.286 0.714 0.048 0.952

10 0.286 0.714 0.091 0.909

11 0.556 0.444 0.200 0.800

12 0.240 0.760 0.050 0.950

13 0.350 0.650 0.971 0.929

14 0.333 0.667 0.959 0.941

All of the events have high collaboration
scores, which means that they tend  to be at-
tended  by people who have attended  many
other events together. An exception is event
11, which brings together people that tend  to
attend  d ifferent events (when they attend  at
all).

References

D av is, A ., B.B. Gard n er  an d  M .R. Gard n er . 1941. D eep

Sou th : A  Socia l A n th rop olog ica l Stu d y  of Caste an d

Class. Ch icago: U n iv ersity  of Ch icago Press.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137



