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Probability experiments illustrate
how apparently random events are
ultimately governed by the laws of
probability. A large number of trials
are usually necessary for experimental
data to converge to a theoretical pre-
diction. Having students electroni-
cally combine their data into a
shared spreadsheet provides
an efficient and powerful way
to collectively analyze a large
amount of information. In this
activity, seventh-grade stu-
dents use a shared spreadsheet
to collaboratively investigate what
happens when they roll a pair of dice.
They compare the case of two 6-sided
dice with the case of a 4-sided die
rolled with an 8-sided die.

ROLLING 6-SIDED DICE

Students should have a basic under-
standing of counting outcomes using
lists, charts, or tree diagrams. Students
will start with a pair of 6-sided dice,
one red and one white. Emphasize at
the outset that rolling a 3 with the red
die and a 5 with the white die 1s a dif-
ferent outcome from rolling a 3 with
the white die and a 5 with the red die.
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Students work in small groups and
complete the chart on activity sheet 1
to determine the theoretical prob-
ability of rolling each sum using dice.
Some students will need to be con-
vinced that there is only one outcome
when the numbers are the same (e.g.,
a 2 on each die). One common mis-
take that students make is continuing
the chart with impossible combina-
tions, such as 7 + 3 = 10. Another
common mistake is for the list to fail
to add to 36 outcomes. Since students
are just beginning to be understand
why there are 6 X 6 = 36 outcomes,
they have varying proficiency with be-
ing able to pull themselves out of the
list-making mode and see the abstrac-
tion (even after using a tree diagram).

The students then draw a bar
graph showing the theoretical prob-
ability. They generally learn quickly
that 7 is the most likely sum because
it has the most possible combinations
of numbers on the two dice, whereas
2 and 12 are the least likely sums
because they each have only one way
to reach the sum. Each group then
rolls their dice 100 times and tallies
their results to compare with their



theoretical results. As they roll the
dice, they experience the sense of
randomness that accompanies any
game of chance.

Each student draws a bar graph
of the experimental results from their
100 rolls (see fig. 1), and compares
their result with the theoretical
prediction. Only as the number of
rolls increases do patterns begin to
emerge in the tally. Although 100
rolls produce enough data to see a
pattern, noticeable discrepancies
generally remain from the theoretical
and experimental graphs. Students
have decidedly mixed reactions about
whether their experimental graph and
theoretical graph match, as shown in
these comments:

* The most surprising difference
was that in the experimental graph
the probability of rolling an 8 was
much higher than that of a 7.

* The most prominent similarity was
that both were roughly shaped in a
triangle.

* The probability [theoretical] graph
is steadily going up to a peak and
down. The experimental graph goes
up and down unpredictably.

* I think that if we rolled the dice
enough times it would begin to
look roughly like the probability
[theoretical] graph.

The students generally see similarities
between their theoretical and experi-
mental work. To some, the differences
are striking, and the experiment does
not seem to exhibit much of a pattern.
A shared spreadsheet provides
an ideal opportunity for students to
combine their data and thus dramati-
cally increase the number of rolls. For
homework, students from three classes
are given a week to enter their data
on a shared Excel spreadsheet on our
school’s shared math folder (see fig. 2).
The percentages are linked to a
bar graph that shows the combined

Fig. 1 Students roll two 6-sided dice 100 times and record the sum on each roll. Four

student teams’ experimental probability results, which barely resemble the theoretical

probability, are shown.
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Fig. 2 Using a spreadsheet program, all student experiments can be combined to see

that with more trials, experimental probability mirrors theoretical probability.
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experimental results. The theoretical
graph is inserted below the experi-
mental graph for comparison. Once
all the data have been gathered on
the spreadsheet, students analyze the
results to see the strong resemblance

between the theoretical and experi-
mental results. The effect of combin-
ing the data is clear, and students
generally show a good rudimentary
understanding. In explanation, Jack
writes:
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The Shared Spreadsheet

Setting up the spreadsheet for students is fairly straightforward.

o Enter student names beforehand in column A, along with teacher data as an

example in row 5 (see fig. 2).

e Setup column M to use the sum formula to add the number of rolls entered
by each group (e.g., SUM(B5:L5) for row 5).
o Use the last row (row 29, in this case) to apply the average formula to obtain

the percentage of rolls for each sum (e.g., AVERAGE(B5:B28)/100 for

column B).

As students enter their data, the formulas and linked graph are automatically
updated. Although we use a shared spreadsheet that is available on our school
network, other options are available that allow students to edit a shared spread-
sheet, including online access with Google Docs at docs.google.com and Zoho
Docs at zoho.com. Although online sharing of student data is the most stream-
lined option, teachers can also simply enter all the student data and have each
group verify that their data are entered correctly.

One set of data is not enough to
explain the probability of rolling dice.
‘When all the outcomes are recorded,
they balance each other out, creating
a smoother graph. In the end, the ex-
perimental graph was nearly identical

to the theoretical graph.

Although the correspondence
between the theoretical and experi-
mental is striking, it is helpful to ac-
knowledge that some differences will
persist after several hundred rolls are
combined. After students analyze the
spreadsheet, they are shown a double-
bar graph for side-by-side com-
parison of theory and experiment, to
highlight subtle differences (see fig.
3). We discuss how, as the number of
rolls increases further, these differ-
ences get even smaller.

ROLLING A 4-SIDED DIE

AND AN 8-SIDED DIE

After a convincing agreement be-
tween theory and experiment with
two 6-sided dice, students later in-
vestigate the case of rolling a 4-sided
die with an 8-sided die. This lesson
begins with the experiment. For

homework, each student performs
100 rolls, makes a bar graph of their
experimental results (see fig. 4), and
enters their data on a similar shared
spreadsheet. In class, the students
compare their individual bar graphs
with one another and with the shared
results. Students see noticeable varia-
tions in individual data, as compared
with the shared data (see fig. 5), as

shown by these comments:

e Opverall there are no patterns other
than the fact that the sums 5-9
usually rolled higher than 2—4 and
10-12.

e The individual 4 x 8 graphs were
nowhere near consistent. Some
kept on going up, down; up, down.

e I was surprised by the shared
results, because all the individual
results were so different. The varia-
tion from the individual results
really balanced out how the
percentages in the shared results
turned out.

Following their observations on the
experimental results for the 4 X 8 case,
students study the theoretical prob-
ability to make sense of their experi-
mental findings. Comparing the 4 x 8
with the 6 X 6 graphs, students see the
basic contrast as being a plateau in the
result of the 4 X 8 experiment versus a
peak in the 6 X 6 experiments. In ad-
dition, they attempt (a bit awkwardly,
perhaps) to connect these shapes to
the outcome in the underlying theory.
As with the first set of experiments,
we show the students a double-bar
graph for side-by-side comparison of
theoretical and experimental results

(see fig. 5). For this specific set of

Fig. 3 A side-by-side comparison of the theoretical and combined experimental prob-

ability for throwing two 6-sided dice shows that when a large number of experiments
are counted, the experimental probability more closely resembles the theoretical.
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results, students recognized a dip in Fig. 4 Students roll a 4-sided and an 8-sided die 100 times and record the sum on
the experimental graph. They were each roll. The experimental probability results for four student teams, which barely
encouraged to consider it part of a resemble the theoretical probability, are shown.
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In Solutions to activity sheets 1 and 2
0 are appended to the online version of
this article at www.nctm.org/mtms.
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activity sheet 1 4

Name

THEORETICAL PROBABILITY: DICE

Complete the chart to determine the theoretical probability of rolling each possible sum for the pair of dice. Write the
probabilities in fraction form (do not simplify for sake of comparison).

Sum Outcomes Probability
2 1+1 1/36
3
4
5
6
7
8
9
10
11
12

Make a bar graph of your probability P. Label the vertical axis in fractional form (1/36, 2/36, 3/26 ... 8/36).

2 3 4 5 6 7 8 9 1011 12
Sum

from the April 2010 issue of mathematl%§

teaching in the



activity sheet 2

EXPERIMENTAL PROBABILITY: DICE

A4

Name

Roll a pair of dice 100 times and tally how many times you get each of the possible sums. To make the tally, put a check
in the appropriate row each time you roll that sum. Give your answers in the form of a percent.

Sum Number of Times Rolled Percentage
2 /100= %
3
4
5
6
7
8
9
10
11
12

Make a bar graph of your experimental percentages.
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utions to mathematical exblorati

(Continued from page 489)

The theoretical probability chart for rolling a 4-sided die

The theoretical chart for rolling two 6-sided dice: and an 8-sided die:

Sum Outcomes Probability Sum Number of Times Rolled Percentage
2 1+1 1/36 2 1+1 1/32
3 1+2,2+1 2/36 3 1+2,2+1 2/32
4 1+3,3+1,2+2 3/36 4 1+3,3+1,2+2 3/32
5 1+4,4+1,2+3,3+2 4/36 5 1+4,4+1,2+3,3+2 4/32
6 1+55+1,2+4,4+2,3+3 5/36 6 1+52+4,4+2,3+3 4/32
7 1+6,6+1,2+5,5+2,3+4,4+3 6/36 7 1+6,2+53+4,4+3 4/32
8 2+6,6+2,3+55+3,4+4 5/36 8 1+7,2+6,3+5,4+4 4/32
9 3+6,6+3,4+5,5+4 4/36 9 1+8,2+6,3+6,4+5 4/32
10 4+6,6+4,5+5 3/36 10 2+8,3+7,4+6 3/32
11 5+6,6+5 2/36 11 3+8,4+7 2/32
12 6+6 1/36 12 4+8 1/32

The bar graph of the theoretical probability of rolling two The bar graph of the theoretical probability of rolling a

6-sided dice: 4-sided die and an 8-sided die:
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sum sum

Experimental results will vary.
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