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T

he study of common bottlenose dolphins (Tursiops truncatus) is largely thought of as a biological science. However, scientists researching
these animals often employ methods that also
involve technology and mathematics. For example,
when investigating the social structure of dolphin
populations, researchers use a mathematic equation
to determine the level of association between individuals.
Many educators are aware of the importance of
mathematics in life science, but may need assistance
making appropriate links between the two subjects in
the classroom. The developers of the Next Generation
Science Standards (NGSS) worked with the writers of
the Common Core State Standards for Mathematics
when creating the NGSS to emphasize the alignment
of learning in mathematics with the quantitative aspect of learning in science courses. Recent advances
in technology and the emergence of more rigorous
methods of quantifying biological data have created
further opportunities for mathematics and life science
to be practiced simultaneously.
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Social structure is an important descriptor of an animal population, since the interactions among individuals
can affect spatial patterns, population growth, and gene
flow (Wilson 1975). The methods used to determine
social structure provide an opportunity for a crossover
lesson that combines life science and mathematics. One
way to quantify social structure is through the use of the
association index, which is the proportion of time that a
pair of individuals spends in association. Association indices provide information about the interactions between
identified individuals. Observed interactions between
identified indiduals can then be compiled to determine
the social structure of the population (Whitehead 1997).
Large sets of association indices can be explored using
computer programs, but smaller sets can be derived by
hand using simple equations.
The dolphin-research activity described here can be
used in a life science class during lessons on animal
behavior or ecology and reinforces many basic math
skills, including algebra, order of operations, rounding,
and inequalities. The activity also allows students to use
real scientific data and experience how mathematics is

Life-science lesson: Fission-fusion
societies
Students may have one group of friends that they
spend time with on the bus on the way to school, a
different group that they spend time with during
math class, and yet another group that they sit with
at lunch. Fission occurs when a group splits up, and
fusion occurs when individuals come together to form
a group. Students have a fission-fusion society: The
members of the social group change frequently, with
groups coming together and breaking apart. Students in your class may have a best friend or group of
friends that they associate with on a regular basis and
other groups that they only see occasionally.
Bottlenose dolphins also have a fission-fusion society. Any dolphins that spend time together are referred
to as associates; dolphins may have tens to hundreds
of associates depending on the size of the popula-

tion. However, there are some associates that may be
seen together more often, and sometimes very stable
relationships exist that may last over years, similar
to students and some of their friends. High levels of
association are the result of consistent co-occurrence
of two dolphins in the same group. Mothers and their
calves have a very high association level for the first
four years of life (Smolker et al. 1992; Wells, Scott, and
Irvine 1987). Association levels in adults are generally
higher within sexes, as males are seen more often with
males and females more often with females. Some
males form pairs that they associate with for many
years. These male pairs typically have high levels of
association, with some reaching the same levels as
those observed between mother-calf pairs (Connor,
Smolker, and Richards 1992). Association patterns
can also be correlated with where the dolphins live
or how they obtain food. For example, dolphins near
Savannah, Georgia spend their time in social groups
that coincide with whether or not they feed behind
commercial shrimp trawlers, consuming fish that are
stirred up by the nets (Kovacs 2012). These groups
also have different habitat preferences: Some groups
are found in larger rivers and open sounds, whereas
others remain in smaller inland creeks (Kovacs 2012).

Mathematics lesson: Association
indices
Individual dolphins are identified by distinctive nicks
and notches on their dorsal fin through a process
called photo identification (Figure 1). Scientists de-

Figure 1

Nicks and notches in the
dorsal fin of a dolphin

Photo by R. Perrtree on 17 May 09 Under Permit #14219

used in research that extends past the classroom. The
NGSS incorporate four practices that are fundamental
to understanding the nature of science: (1) developing
and using models; (2) analyzing and interpreting data;
(3) constructing explanations; and (4) engaging in
argument from evidence. This activity embraces each
of these practices by providing students with data that
they must analyze using a working model in the form of
an association index. After analyzing the data, students
are required to provide an explanation of the results
and evidence to support their claim. The activity also
directly addresses the question of how social interactions and group behavior play out within species, which
is part of core idea LS2.D in the Framework for K–12
Science Education (NRC 2012, p. 142).
This activity is designed for students in grades 6–8,
however we have provided modifications to make it appropriate for higher or lower grade levels. This activity
aligns with the National Science Education Standards
for Life Sciences for students in grades 5–8 (NRC
1996) by addressing populations and behavior. It also
aligns with the standards from the National Council of
Teachers of Mathematics (NCTM 2000) grades 6–8 by
incorporating algebra as well as work with fractions,
decimals, and ratios. It covers the grade 6 Common
Core State Standards for Mathematics of connecting
ratios to whole-number multiplication and division;
completing understanding of division of fractions; and
writing, interpreting, and using expressions and equations (NGA Center and CSSO 2010).
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termine the level of association between two dolphins
using a mathematical equation based on the number
of times the dolphins are seen together and seen
apart from one another. There are many types of association indices that can be used to quantify animal
association levels; the half-weight index is generally
used to quantify association levels in bottlenose dolphins. The equation for the half-weight index is

______x______
x + ½ (nA + nB)
where

• x is the number of times A and B were seen together,
• nA is the number of times that animal A was seen
without B, and
• nB is the number of times that animal B was seen
without A.

Carolyn Kovacs

Although this equation may look complicated, it can
be simplified with the use of order of operations. In this
case, the order is parentheses, multiplication, addition,
and then conversion of the ratio into an integer. The
numerator in the ratio is the number of times dolphins
A and B were sighted together. The denominator is
the number of times dolphins A and B were sighted
together plus one-half of the sightings where each dolphin was seen without the other. Division is then used
to convert the ratio to a value that will fall between 0
and 1. The higher the resulting value, which is the association index, the more time the two dolphins spend

Mother dolphin and calf.
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together. A value of 0 means that the dolphins are never
together, and a value of 1 means that they are always
together. Categorical levels like low, medium, and high
levels of association are then generally determined by
the researchers in a study of group associations. The
categories established for this activity are low (≤ 0.3),
medium (0.4–0.6), and high (≥ 0.7).

Melding life science and mathematics:
The activity
Scientists at Savannah State University in Savannah,
Georgia, have studied the social structure of bottlenose
dolphins and found that the average association index
for all pairs of dolphins in the area was 0.08 ± 0.04, but
20 out of 58 dolphins had at least one associate with
an association index greater than 0.75 (Perrtree 2011).
In the activity described here, students used the same
data set to continue the analysis of the bottlenose dolphin social structure in Savannah by determining the
association indices between pairs of dolphins.

Materials (per group)
• Highlighters, colored pencils, or crayons of three
different colors
• Pencil
• Calculator

Methods
Seventh-grade students participated in this activity as part of their life science class. First, we asked
students to list in a column the people they spent the
most time with in science class. They were also asked
to list in separate columns the people they spent the
most time with at lunch, in an after-school sport or
club, and at home. Students compared the people in
each of the columns—did they spend time with the
same people the whole day, or did their social groups
change throughout the day? This led into a discussion
of fission-fusion societies and the social relationships
between bottlenose dolphins, as well as how those social relationships are similar to or different from our
own relationships. We also discussed how researchers study dolphins, as described above.
Students worked in groups of two or three to complete the activity; this group size was chosen to encourage discussion and cooperation, but also ensure that
each student was able to complete a substantial part of
the activity. We provided students with an Information
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Figure 2

Information Sheet

Scientists determine whether two dolphins are considered to have a low, medium, or high level of association using a
mathematical equation based on the number of times the dolphins are seen together and seen apart from one another.
                                                                Association levels
|
low
0			

|
medium
0.3				

|
high
0.7			

|
1

A measurement called the half-weight index is used to quantify association levels in bottlenose dolphins. The
equation for the half-weight index is
______x______
x + ½ (nA + nB)

where

• x is the number of times A and B were seen together,
• nA is the number of times that animal A was seen without B, and
• nB is the number of times that animal B was seen without A.
The higher the resulting value, known as the association index, the more time the two dolphins spend together.
The association index is reported as a number between 0 and 1. For example, if we know that dolphins A and B
were seen together three times, dolphin A was seen five times without B, and dolphin B was seen two times without
dolphin A, then we would fill out the following in this manner:
Sightings of A and B

3

A but not B

5

B but not A

2

.

The equation would then be as follows:
_____3______ = 0.525
3 + ½ (5 + 2)
When rounding to one decimal place, the resulting association index is 0.5.
The association level would be “medium,” since it falls within the range of 0.4 to 0.6.

Sheet (Figure 2) that contained the necessary equation
and an example that guided them through the activity described on the Report Sheet (Figure 3). Please
note that the example on the Information Sheet uses
fictional dolphins, and dolphins A and B are not the
same as those listed in the Assignment Sheet. Students
were given an Assignment Sheet indicating the three
dolphins they would use throughout the activity. (One
sample Assignment Sheet can be found in Figure 4; additional Assignment Sheets, for a total of eight groups,
are included with the online version of this article at

www.nsta.org/middleschool). Each dolphin was identified
by a photo and a number, since most dolphin-research
programs use numerical codes for animals. However,
students were also encouraged to name the dolphins,
as researchers often use names in addition to codes because they are easier to remember when collecting data
in the field. Each group was provided with a Sighting
Sheet that listed dolphin sightings (Figure 5). Students
highlighted each time their assigned dolphins were
listed on the Sighting Sheet, using a different color for
each dolphin to make counting easier (Figure 6), and
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counted the number of times that each of the individuals
within a pair of dolphins was seen together and alone.
First, students counted the number of times that dolphins A and B were seen in the same sighting. Next,
students counted the number of sightings where dolphin

Figure 3

A was present but B was not, and finally they counted
the number of sightings where dolphin B was present
but A was not. Students used this information and the
half-weight index equation to determine the association
index between each of the three pairs of dolphins.

Report Sheet

Name: ___________________
Assigned numbers for dolphins A: _____________ B:_______________ C: _______________
On the Sighting Sheet (Figure 5), highlight each time the numbers of your dolphins are listed. Use a different color
for each of your three dolphins.
Count the number of times dolphin A was seen in the same sighting as dolphin B. Then count the number of times
dolphin A was seen without dolphin B, and the number of times that dolphin B was seen without dolphin A. Do the
same thing for the other two pairs of dolphins. (10 pts.)
x

nA

nB

Sightings of A and B together:

A but not B:

B but not A:

Sightings of A and C together:

A but not C:

C but not A:

Sightings of B and C together:

B but not C:

C but not B:

Use the half-weight index equation:

______x______
x + ½ (nA + nB)

The resulting value is the association index for dolphins A and B. Use the same equation to find the association
index for dolphins A and C, and dolphins B and C (replace the appropriate letter in the equation). You will use the
equation three separate times.
Find the association indices (30 pts). Show your work (set up the equations), then write the answers on the lines
below. Round answers to one decimal place. Categorize the level of association on the second set of lines (15 pts).
Scale: low (≤ 0.3), medium (0.4–0.6), or high (≥ 0.7)

A and B: _________________
Level:

_________________

A and C: ________________

B and C: _________________

________________

_________________

Thinking further: What are some possible biological or ecological reasons for these levels of association? (20 pts.)
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Figure 4

Sample Assignment Sheet

A

B

C

Photo by R. Perrtree—(A) 27 May 09 (B) 6 June 10 (C) 30 May 09—Under Permit #14219

Group 1
Your dolphin A is dolphin #2. Give it a name: ______________________________________
Your dolphin B is dolphin #3. Give it a name: ______________________________________
Your dolphin C is dolphin #4. Give it a name: _______________________________________

Students rounded their answers to the nearest tenth,
and were then asked to categorize the association as
low (≤ 0.3), medium (0.4–0.6), or high (≥ 0.7). Students
were also instructed to provide a possible biological
or ecological reason for the association level, which
required them to think back to the earlier conversation
about the association levels in wild bottlenose dolphins.
If a pair of dolphins had a high level of association, they
may be a mother and calf or two males. Low levels of
association could be attributed to a difference in habitat
preference or geographic location. A horizontal line
was drawn on the whiteboard with “0” on the left-hand
side and “1” on the right-hand side, as shown at the
top of Figure 2. Student groups came up to the board,
presented their findings to the class, and labeled where
on this continuum their pairs of dolphins fell (Figure
7). We compared the findings of each group and discussed the general social behaviors of the dolphins
based on our data.

Modifications
More advanced students can expand the half-weight
index equation to find the association index of all
three dolphins, which is the probability that all three
dolphins will be sighted at the same time. This equation does not exist in scientific literature and the challenge to students is to create a new equation based
on their knowledge of association indices. Classes
can also discuss possible biases or problems with the

data provided. Students should realize that we have a
limited understanding of the associations among dolphins because they are marine animals and we can
only observe them when they are at the surface.

Assessment
Students are assessed based on their answers to the
questions on the Report Sheet as well as their behavior
and presentation of results to the class. The criteria are
outlined in the Assessment Form (Figure 8). Teachers
should award points to students based on the accuracy
of the results, as well as the quality of the explanations.
The correct answers for the number of sightings, the
association indices, and the association levels for the
dolphins used in the sample Assignment Sheet are
given on the Results Sheet (Figure 9); the answers for
the other seven sets of dolphins are included with the
online version of this article. For the majority of the
dolphins in this activity, we do not know the sex of individuals or their genetic relationships. Therefore, student explanations are not “right” or “wrong,” as long as
their answers are valid based on the background information provided at the beginning of the lesson.

Reflections
Students enjoyed learning about the fission-fusion
society of bottlenose dolphins and the similarities to
their own relationships. Students already had some
knowledge about bottlenose dolphins and were excit-
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Figure 5
Sighting

Dolphins

17

1, 8

34

3, 4, 5, 21

1

9, 10

18

11, 12, 21, 25

35

5, 8, 14, 16, 17

2

7, 23

19

5, 6, 13, 22, 28

36

5, 6, 13, 18

3

13, 22

20

3, 4, 29

37

5, 12, 14, 16, 17

4

1, 8, 14, 16, 19, 21, 25

21

1, 8

38

7, 20, 23

5

6, 22, 28

22

2, 15

39

14, 16, 19, 20

6

20, 25

23

10, 24

40

16, 17, 19, 20

7

2, 3, 4, 15, 18, 26

24

10, 21

41

9, 12, 27

8

12, 15, 29

25

3, 4

42

24, 29

9

11

26

6, 18, 26, 28

43

2, 5, 6, 13, 15, 22

10

2, 15, 22, 28

27

12, 24, 27

44

6, 11, 12

11

1, 7, 11, 23

28

5, 7, 10, 17

45

24, 27

12

5, 8, 17

29

16, 19, 20, 25

46

21

13

7, 9, 23

30

2, 3, 4, 10, 15

47

27

14

5, 6, 18, 26, 28

31

6, 13, 22

48

12, 29

15

2, 6, 11, 13, 15

32

5, 7, 10, 17, 23

49

2, 6, 15, 18, 26, 29

16

16, 19, 20, 25

33

3, 4, 16, 19

50

1, 9

Figure 6
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Sighting Sheet

Students search for and
highlight their assigned
dolphins on the Sighting Sheet

Figure 7

A student plots the association
index of his dolphin pair on
the whiteboard
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Figure 8

Assessment Form
Points
possible

Sightings of dolphins are accurately counted:

Points
awarded

10

• Did students accurately count the number of times that the pairs of dolphins were
seen together and apart?
The half-weight index equations are written out and the association indices between
dolphins are correct:

30
(10 each)

• Did students follow directions by writing out the equation?
• Did students use the order of operations to successfully obtain the correct association
indices?
• Did students correctly round their answer to the nearest tenth?
Association levels were correctly determined based on the association indices:
• Did students apply the levels of association correctly to the association index they
found?
Students provided a valid explanation for potential biological or ecological reasons for
each of the association levels:

15
(5 each)
20

• Were students’ answers supported by data?
• Were students able to describe what their data meant?
• Were students able to connect the information learned in the lesson about the social
relationships of dolphins with their results?
Presentation of results to class:

15

• Were students able to articulate their results to their peers?
• Were students able to recognize the variation in the results of their classmates and
make generalizations about dolphin social behavior based on the class data?
Behavior while completing activity:

10

• Did group members work collaboratively and effectively?
• Did all members of the group participate?
• Were students methodical in applying the algorithm?

Figure 9
Dolphin

Results Sheet for Dolphin A = #2, Dolphin B = #3, and Dolphin C = #4

Sightings
together

Only 1st dolphin

Group 1: Dolphin A = #2		
A+B

2

5

Only 2nd dolphin

Dolphin B = #3 		
4

Association index

Association level

Dolphin C = 4
0.3

Low

A+C

2

5

4

0.3

Low

B+C

6

0

0

1.0

High
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ed to learn more about these marine mammals. Once
students completed the activity and found the association indices for their pairs of dolphins, they were
able to make inferences about the relationships of the
individuals based upon the earlier lesson.
In general, students in the targeted grade level
should have the mathematics skills required for this
lesson. However, when we conducted the activity, some
students did not follow the order of operations and
therefore obtained an incorrect answer. We reminded
students that the association index had to be a value
between 0 and 1, and so they could self-check by
making sure that their values were within this range.
When students took the equation one step at a time,
they realized that the majority of the math was simple
enough to do in their head. We encouraged students
to convert fractions to decimals as opposed to using
a calculator, if possible. Because mathematics was
integrated into the life science lesson, students had
to layer knowledge from multiple disciplines, which
resulted in practicing previously acquired skills as well
as learning new concepts. n
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