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Statistics at All Grade Levels

Using Birthday Data to Integrate
Statistics into the K-12

Mathematics Curriculum
lirhere have been more recommenda-
tions for changes in the teaching of

mathematics in the past few years than at any
time since the "new math" era of the 1960s.
One of those recommendations is that teachers
incorporate more statistics into their classes.
We suggest that one way to fit in new topics is
to integrate them with old topics, so that a sin-
gle lesson may serve a double purpose. We will
illustrate this with examples. Since one of the
strongest recommendations is to have students
work with real data, we start by discussing one
data set that your students can gather and
use.

Young children are usually very interested
in birthdaysespecially their own! Even col-
lege students take pride in being able to report
the exact time of their birthand a surprising
number are able to do so. The idea of having
the students generate a data set that concerns
themselves encourages participation and inter-
est. Thus, you might collect birthday data from
your class. The birth year will not prove inter-
esting, as the range will be small for most K-12
classes. A class data set that includes month
of birth, exact time of birth, day of the month,
and cumulative day of the year will be more
interesting. The cumulative day of the year
may be obtained by counting, by using a cal-
endar that includes that information, or by
entering the dates into a spreadsheet.
(Entering a constant year value for each birth-
day into a spreadsheet, you can use the Julian
Date function to obtain the numerical day of
year values.) If 2/29 is one of the birthdays,
you could decide to designate the cumulative
day of the year for this entry as zero (0), so that
the number representing March first would be
the same whether or not you are looking at a
leap year. The remaining birthdays could be
represented using values of one through three-
hundred sixty-five.

Even in the first grade, textbooks use a
number line to illustrate the addition, subtrac-
tion, or comparison of two numbers. The text-
books we consulted did not have the students
doing much of this themselves, but we think it
is important for children to do as well as see. If
we have them put more than two numbers on
a single number line, we are on our way to a

dotplot. Having students make this display
gives them practice in using a number line,
something we wanted them to know about any-
way, before we started trying to teach them
statistics. For the birthday data, we could make
dotplots of the day of the month.

Once we have the numbers on a line, we
have also sorted the numbers. Dealing with
the relative sizes of numbers helps students
to grasp the meanings of numbers in a way
that computation docs not. There is a whole
branch of statistics called order statistics that
is based on ordering or sorting numbers more
than on calculating with them. For example,
the maximum and minimum values of a set of
numbers would be examples of order statis-
tics. So would the median (middle number in
the sorted data), and other things such as
quartiles, percentiles, and deciles.

By the end of first grade, children are doing
single-digit subtractions. The difference
between the maximum and minimum values
in the data is called the range. It gives us an
idea of how spread out the numbers are. Our
suggestion is to combine current lessons on
plotting numbers on a number line, compar-
ing sizes of numbers, and simple subtraction,
into a lesson where those same skills are
practiced in the course of describing some
data. For the birthday data, students should
be able to estimate the range of most of the
variables. If the months are treated as inte-
gers between 1 and 12, the range will usually
be 11. For the day of the year, we can esti-
mate the range, but not as accurately.

The above exercise can be repeated at high-
er grade levels as other kinds of numbers are
introduced. Even some college students think
that 0.2 < 0.05 or -2 < -5, and are quite
unsure as to how 4/7 compares to 11/19.
They may also have difficulty finding 3.426 on
a number line, so the extra practice may be
worthwhile. The time of birth is the one vari-
able in the birthday data that is not an inte-
ger. If times are quoted in hours and minutes,
we can consider them as fractions with a
denominator of 60. We can change these to
decimal fractions of an hour. We can also
look at this as a units change. In every case,
we get rational numbers.

In addition to using dotplots, we found that
stem-and-leaf plots usually prove quite inter-
esting, not only for studying the pictorial
characteristics of the data, but also the con-
cepts of place value and digit truncation. For
a stem-and-leaf of the day of the month, we
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pick stem units of 0, 1, 2 or 3 (representing
the tens place) and leaf units of 0 through 9
(representing the units digits). The plot, if done
by hand, will have the units values listed to the
right of the appropriate tens value. Stem-and-
leaf plots can be generated by many of the
common statistical software packages as well.

When it comes to statistics that you calcu-
late, the mean is probably the best known.
Virtually all the college students we see can
calculate a mean, so we figure it must be
being taught, and taught well. Children can
begin doing this as soon as they have the
component skills, which are addition of a col-
umn of figures and division. We would like to
see the mean not only calculated, but placed
on a number line with the data. This helps to
give insight into what a mean is, and also pro-
vides an error check. For the birthday data,
we should also be able to estimate what the
mean will be, since the variables all have an
approximately uniform distribution. This pro-
vides practice in the art of estimating, but stu-
dents should also see some examples where
there is an element of surprise. There will be a
bit of surprise in the birthday data for many
students; unless you have a very large class,
you are likely to observe significant departures
from expectation in statistics like the mean or
even the range. These can lead to a discussion
of the idea of sampling error.

Once the mean is placed on the dotplot, it
becomes possible to ask questions like "How
many points below average was the 3?" or
"Which observation was farthest from the
mean?" This reinforces subtraction ideas and
leads to the concept of a residual. The differ-
ence between an actually observed data value
and a summary of the data (such as the mean)
is called a residual. This can be used as an
introduction to negative numbers, since no
prior knowledge of these is required to put a "-"
in front of the residuals for points that are
below average. If the students have prior expo-
sure to operations on negative numbers, they
can add up the residuals and find that they
sum to zero. Encourage them to check this
out for other data sets and other summaries
to see if it always happens. One way to gener-
ate negative numbers from the birthday data
is to have the class (or each student) pick a
"hero" or famous figure whose birthday they
would like to find out. (We use "hero" here to
refer to an admired person of either gender.)
Let the students research the birthday, and
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then define for each child a variable that is the
day of the year they were born minus the day
of the year their hero was born. Can you esti-
mate what the mean of this variable might
be? Another calculated variable of interest
might be the number of days until ones birth-
day. This could be a non-negative variable, or
we could define it as number of days to your
nearest birthday, with negative numbers
indicating observations where the last birth-
day is closer to today's date than the next is.

If your students know how to multiply neg-
ative numbers, then they can square the
residuals and add up the results. Dividing the
sum by one less than the number of observa-
tions gives the variance. The square root of
this is the standard deviation. The interpreta-
tion is that the standard deviation is a typical
value for the residuals. Thus the standard
deviation measures how variable or "spread
out" the data are. We have some reservations
about teaching young children about stan-
dard deviations because the computation is
lengthy and not very intuitive. However, we
expect that the topic is likely to be taught
simply because lots of teachers already know
about standard deviations. We think that
some of the more visual topics such as dot-
plots are probably a better choice for children.
If standard deviations are taught, we strongly
prefer that the children use the method
shown above that includes the residuals.
They should learn to interpret the residuals in
terms of a dotplot, and learn to interpret the
standard deviation in terms of the residuals.
In particular, we advocate abstinence from
the various "computational" formulae that are
floating about, as these tend to hide the resid-
uals as well as the meaning of the process.

There are some more intuitive measures of
variability based on order statistics. We have
already mentioned the maximum and mini-
mum as order statistics, and their difference,
the range, is another measure of variability.
Another common order statistic is the median.
This is based on sorting the data and then
selecting the middle value. We can take this
one step further and find the first and third
quartiles, which are just the medians of the
upper and lower halves of the data. The differ-
ence between the third and first quartiles is
called the interquartile range (IQR). It is yet
another measure of variability. You should be
aware that there are many inconsistent defini-
tions of quartiles in use. Pick one you like and
stick to it.
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It is important to note that order statistics
typically involve little or no computation. They
are based rather on sorting the data and
counting to find mileposts along our trip
through the (sorted) data. The mathematics
topics that they reinforce are ideas of order
and magnitude rather than computational
skills. Lest they seem to be of interest only for
the early elementary grades, consider making
a dotplot and finding order statistics for the
following sets of data: 3. V10. IE. 2.718,
3.14141414..., 22/7, 10/110, 10/rt or 0.005,
0.011, 0.01, 0.1, 1/20, 1/19, 1/9, 1/11.

So far we have considered data that are pri-
marily numerical. Since month is a categorical
variable, one could report the total number of
observations and the percentage of the total
represented by each category (month). A study
of these percentages is usually interesting. A
bar chart is the typical choice for displaying
categorical data, but a dotplot differs only in
artistic detail. Note that the distribution of the
months may not be very uniform for small
data sets. Further work for younger students
might include exercises dealing with the cal-
endar such as the order of the month names,
or the length (in days) of particular months.

So far we have considered one variable at a
time. We can also look at relations between
variables by plotting one against the other.
You might try day of month versus day of
year, and day of month versus month, both of
which generate interesting patterns that may
appear to be identical or to be no pattern at all
until you get an appropriate scale. If your
class were to choose a single hero to compare
their birthdays to, these data can be plotted
against day of year.

In precalculus, we often compare the graph
of f(x) with the graph of f(x+a), af(x), or f(ax).
We can do the same with data. We can shift
the day of year data by taking something other
than 1 January as our starting pointsay the
first day of school or the first day of summer
vacation. We can multiply I(y) or I(x) by a con-
stant by changing unitswe could use time of
birth in hours or minutes or we could express
day of year as decimal fractions of a 365-day
year. At least one of the patterns should be
found to be approximately periodic. It might
make a good example for a trigonometry class,
especially as it looks quite different from any
trig function.

For all the things we have suggested, the
apparent pattern may change as we increase
the number of observations. You can increase

your database by pooling birthdays from past
classes or by pooling the data from several dif-
ferent current classes. You can also open it up
to family members, Presidents of the United
States, or all the teams in the NFLwhatever
appeals to your class. To make a bridge to cal-
culus and college, you can ask students to
discuss how some of the graphs might look if
you let the sample size increase without
bound.

Bob Hayden and Bill Roberts
Plymouth State College

Plymouth, New Hampshire
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