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Message from the SCCTM President

Dear SCCTM Members,
On behalf of the SCCTM Board, I would like to express appreciation to all the authors for sharing their
knowledge and expertise by writing for The MathMate. I would also like to recognize and thank Chris
Duncan for his leadership as The MathMate Editor and the reviewers for their careful reviews and
consideration of the authors’ work. We hope you will continue to share with our membership by writing
about your successful lessons, memorable and engaging activities, and most effective classroom-based
strategies.

The MathMate serves as our vehicle to connect us and help us learn from one another as we collectively
strive to ensure all students have access to high quality mathematics education. Without your
submissions, we lose this wonderful opportunity to share and learn from one another.

Here's to making a difference in the teaching and learning of mathematics.

Sincerely,
Marc

5

Announcements

Award Nomination Deadlines:
Outstanding Contributions to Mathematics Education Award
Nomination deadline: July 15
scctm.org/Awards
Richard W. Riley Award
Nomination deadline: July 15
scctm.org/Awards
Scholarship Deadlines:
Preservice Scholarship
Applications deadline: September 15
scctm.org/scholarships
Educator’s Scholarship
Application deadline: September 15
scctm.org/scholarships
Membership News:
Renew your NCTM membership online and designate South Carolina Council of Teachers of
Mathematics for the affiliate rebate.

If you would like your announcement to appear in the next issue of The MathMate, please email all
information to SCMathMate@gmail.com. Announcements will be published at the discretion of The
MathMate Editorial Board.

6

Estimating Population Size: Connecting Math with Other Disciplines
Lisa Pike
Francis Marion University
Abstract
Giving students the opportunity to use math in real world settings promotes student engagement and understanding.
Not only is it important to put math into real-world contexts, it also answers the age-old question of “what good will
this do me in ‘real’ life”? Here is an example of mathematics used in life science, where students estimate the
population size of live mealworms. Using live animals in the classroom isn’t just for science class!

Introduction:
The recent (May 2018) issue of The MathMate featured an article (Duncan, 2018) describing the benefits
of hands-on modeling exercises and specific mathematical applications that connect math with other
STEM fields. Giving students the opportunity to use math in real world settings, Duncan argues, promotes
student engagement and understanding. Not only is it important to put math into real-world contexts,
doing math in science (or other disciplines) also answers the age-old questions of “Why do I need to learn
this? What good will this do me in ‘real’ life”? Here is an example of mathematics being used in
life/environmental science, social science, and business (actuarial science). Students will learn an
equation used by biologists to estimate population size then use living organisms in the classroom, a
surefire way to pique student interest as they try the formula out. Population size estimates are important
not only to ecologists, but also in the field of sociology (human demography) and actuarial science, a field
that spans mathematics, statistics, finance, economics, and life science. Students who want to know “How
will this help me in real life?” will find some very real, and relevant, answers. Teachers who like to connect
content with real life will find an exercise that can readily be incorporated into a unit on populations in
social studies, or life science, or math class.
First, let us start off by scrapping the premise that living organisms are just for life science classes. We
know it is important to bring math into science classes – but sometimes it is just as important in reverse,
bringing science into math. Want to get students excited and ready to dive in to math? Give them some
creepy crawly insects and ask them to use a formula to estimate population size. This teaches data
collection, data analysis, and the assumptions behind a formula: what things must be true for your formula
to give an accurate answer? Then, discuss why it is important to be able to estimate population sizes, for
example, how could the data be use to enact protections for an endangered species, or to set a hunting
quota. For this exercise, students need to know how to add, subtract, multiply, and divide; they also need
to understand absolute value.
Population Size Estimates using the Lincoln – Peterson Mark Recapture Formula:
Population ecologists look at many types of descriptive data, including population size and density, age
structure, sex ratio, and survivorship. When the population being studied is human, we call this
demography, and the population estimate is a census. With wild populations however, it isn’t as easy as
knocking on a door and asking questions like “how many white-tailed deer live here?”. There are many
other ways to collect this data, but, remembering that wild animals tend to run from humans, it is often
hard to get a good population size estimate. Plants are a little easier in that respect, but if you have a
large area to cover it can be daunting to think you have to count every single member of a species of, say,
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ragweed in a 10-acre park. The Lincoln-Peterson method (also called ‘mark-recapture’) is a statistical
measure used to estimate an animal’s population size (Molles, 2010; Southwood and Henderson, 2000).
Basically, if some animals in a given area are caught and marked, then released, and later a second round
of captures is done: the number of marked animals found in the second round can be used to generate
an estimate of the total population.
There are some important assumptions, though, for this estimate to be accurate.
1. All individuals in the population have an equal and independent chance of being captured.
2. No change in the ratio of marked to unmarked animals (i.e. no significant additions or deletions
from the population between capturing events - either by births, deaths, immigration, or
emigration).
3. The marking technique must not increase the chance of either death, survival or recapture.
4. Marked individuals distribute themselves randomly with the unmarked individuals (so there is the
same opportunity for recapture).

Think about it: would your Mexican Brown-Nosed Bat population estimate be accurate if, in between the
first and second captures, the females gave birth? Or, what if the mark you put on the fiddler crab
population made it easier for predators to see them? Or if that fiddler crab molts, the mark is lost with
the shed exoskeleton? No technique for population size estimation is foolproof and many either
underestimating or overestimating population sizes. To reduce bias, the assumptions (above) must be as
true as possible. Also, the larger the sampling effort (or sample size), the more accurate the population
estimate.
Ask your students how you would capture, and then mark, white-tailed deer? What about butterflies?
Fish? Scientists often use mist nets to capture birds and bats, dip nets for fish, and either butterfly nets
or blacklights for insects. Bears and deer are caught with tranquilizer darts then marked with ear or gum
tattoos. Fish are often marked with a thin plastic tag through their dorsal fin. Frogs are sometimes marked
by clipping a toe. Sometimes snakes have pit tags surgically inserted into their body cavities (which can
be detected via radio-telemetry), and sometimes birds are banded with a metal bracelet around their legs.
Now, introduce them to the Lincoln-Peterson formula (NE = Mt / R), and define your variables. Next, put
it into practice, using either live mealworms and paint pens or dried white navy beans and permanent
markers (Figures 1, 2 and 3).
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Figure 1: Using beans for the mark-recapture lab

Figure 2: Using mealworms for the markrecapture lab

Figure 3: A close-up of the painted mealworms.
Mealworms are approximately 1 inch long. You
need just enough paint (from a paint marker) to
discern the green color versus other colors on
other mealworms. Painting on old newspaper or
paper plates is helpful.

If going the live mealworm route, get about 400 live mealworms (from a pet store, or biological supply
company – you want the larval stage of the Darkling Beetle (genus Tenebrio) which look like little
caterpillars). They don’t bite, but will crawl around trying to find something to hide under. We use plastic
cups, and have several for students to use, to put ones in that have been counted, to put the painted
mealworms in, etc. This, plus newspapers and paper plates, help keep not-quite-dry paint from getting
on desks. Mealworms are in the phylum Arthropoda, Subphylum Hexapoda, Class Insecta. The larvae
mealworm (about an inch long) will undergo repeated molting between bouts of eating various vegetation
or dead insects. This takes place 9-20 times (instars) during 12-54 days, as it gets too big for its current
exoskeleton. During its last molt, it discards its exoskeleton (like a locust does) before curling into its pupal
form. The pupa, about 3/4 inch long, starts off a creamy white color, and changes slowly to brown during
its pupation. The adult is a beetle about ½ inch long, and eats decaying leaves, sticks, grasses and
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occasionally new plant growth. As general detritivores, they also eat dead insects, feces and stored grains.
Many predators eat mealworms/beetles including rodents, lizards, predatory beetles, spiders, and birds.
Procedure for Mark Recapture Example (Pike, et al., 2017): This exercise takes about an hour to complete
(less if you use navy beans). In class, first divide up all of the mealworms into cups with each lab group
receiving one cup of mealworms, with approximately the same amount of mealworms (you can estimate
this by eye, or weigh them). Note: you can do this with 400 or so white navy beans as well, following the
same procedure, dividing the beans up among the groups and having students in each group mark their
beans with their color with a permanent marker.
Each group will count all of their mealworms, and then mark them with a paint marker (each group gets
a different color – if you have 5 groups, you will want 5 colors). Record the data in the data table (Table
1).

Group

M

t

R

NE

%E

Blue

109

71

14

552.7

34.1

Red

36

51

4

459

11.4

Green

90

72

20

324

21.4

Purple

89

99

21

419.6

1.8

Black

51

64

8

408

0.97

White

37

51

10

185

54.2

NA = Total
412
(actual
size
of
population)
Table 1. Data table with sample data for the Lincoln-Peterson Mark-Recapture estimator. You want a
separate (different) color for each group, with as many colors as you have groups. Groups of 4 work
well.

Now collect the mealworms back and place all marked mealworms - from all groups - into a large bin
(plastic shoebox) and mix them up.
Next, “recapture” some mealworms – again divide the mealworms among the groups. Each group counts
their mealworms again, to get a total number of mealworm “recaptures” per group and then they count
how many of the total have their mark (your color of paint).
Then have the groups calculate a population size estimate using the Lincoln - Peterson estimator:
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NE = Mt / R,
where NE = population size estimate, M = # marked when first caught, t = total number caught in second
sampling, R = number of recaptures in the second sample (those bearing your color mark).
The Percent Error is: % E = I ((NE-NA) / NA ) * 100 I , where NE = population estimate (from the LincolnPeterson estimator) and NA = the actual (known) population count.
After completing the exercise set aside some time for class discussion: first, how did we know the actual
population size – and will this be possible to know with wild populations? We know the actual population
because we had every single member of the population of mealworms (or navy beans) divided up among
the groups, meaning we could just add each group’s totals to get the actual population size. In nature this
is impossible – you won’t be capturing every member of the population, just a sub-sample. You won’t be
able to know if your estimate is an over estimate, or an underestimate, or what the percent error is. Ask
students how this can affect decisions made by wildlife biologists, when setting protections, or bag limits.
With the ratio of first captures, marked, and recaptures you can make a population size estimate. Did any
group have an estimate that was spot-on, the same as the true population size? Did any group have an
extremely large percent error? If so, why? Did they do anything wrong? Not usually – it was mostly luck
of the draw, and due to a small sample size. What would be the problems of underestimating a population
of white-tailed deer (an animal that most states allow hunting for, and issue permits for how many can be
taken per hunter per season)? What would be the problems of overestimating a population of an
endangered species, such as the blue whale (also a commercial, hunted, species)? How can this
mathematical formula aid in making scientific, resource, decisions?
In the end, here is a real application of math in life science classrooms – the answer to the question of
“Why do I need to know this?” The exercise engages and excites, especially if you use the chance to bring
live insects into the math classroom, and take the opportunity to interact with your life science and social
studies teachers for an interdisciplinary or combined lesson. Assessment opportunities are varied, and
include word problems, oral reports, and research on the census or on population size and growth rates
of different countries.
References
Duncan, C. 2018. Discovery of Power and Exponential Relationships: An Application of Logarithms. The
MathMate, May 2018, 39(1):8-17.
Molles, M. C., Jr. 2010. Ecology: concepts and applications. Fifth edition. McGraw-Hill, New York.
Pike, Lisa, Malakauskas, D., Malakauskas, S., Turner, L., Vanderhoff, N., Steinmetz, J. Ludlam, J., and Julia
Krebs. 2017. Biology 103L: Environmental Biology Laboratory. Francis Marion University Custom
Publishing (revised yearly).
Southwood, T.R.E. & Henderson, P. 2000. Ecological Methods, 3rd ed. Blackwell Science, Oxford.
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NGSS Standards

MS-LS2-1 Analyze and interpret data to provide evidence for the effects of resource availability on
organisms and populations of organisms in an ecosystem.
MS-ESS3-4 Construct an argument supported by evidence for how increases in human population
and per-capita consumption of natural resources impact Earth’s systems.
Common Core Standards
6.NS-2&3 Fluently divide multi-digit numbers using the standard algorithm. Fluently add, subtract,
multiply, and divide multi-digit decimals using the standard algorithm for each operation.
6.NS-7C Understand the absolute value of a rational number as its distance from 0 on the number
line; interpret absolute value as magnitude for a positive or negative quantity in a real-world
situation.
7.EE Solve real-life and mathematical problems using numerical and algebraic expressions and
equations.
South Carolina College-and-Career-Ready Standards for Mathematics

6.NS.7 Understand and apply the concepts of comparing, ordering, and finding absolute value to
rational numbers.
6.NS.3 Fluently add, subtract, multiply and divide multi-digit decimal numbers using a standard
algorithmic approach.
6.NS.1 Compute and represent quotients of positive fractions using a variety of procedures (e.g.,
visual models, equations, and real-world situations).
6.NS.2 Fluently divide multi-digit whole numbers using a standard algorithmic approach.
7.NS.3 Apply the concepts of all four operations with rational numbers to solve real-world and
mathematical problems.
Science and Engineering Practice

Classroom Connection

Planning and Carrying Out
Investigations




Analyzing and Interpreting Data



Using Mathematics and Computational
Thinking

Collect, transform, and analyze data.
Use a mathematical formula to estimate population
size.
Using data collected in the classroom, argue that the
population size estimate can be biased, and can be an
over – estimate, or an under – estimate.

Constructing Explanations and
Designing Solutions
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Using Cemetery Data to Calculate Survivorship: The Interdisciplinary Nature of
Mathematics
Lisa Pike
Abstract
Giving students the opportunity to use math in real world settings promotes student engagement and understanding,
as well as helping students realize that math is actually used in “real life” in a variety of fields not generally seen as
“mathematical”. Here is an example of mathematics as used in environmental science, human geography, and the
social and actuarial sciences: students calculate and graph human survivorship curves from obituary data.

Introduction
As a science teacher I often struggle when I give students problems that require math – though the math
isn’t difficult it seems that they hit the “off” switch once they step outside the math classroom, and they
don’t seem to realize that calculating their grade, a weighted average, is the same as calculating a
weighted average when in math class, or that taking the percentage of a cells on a slide that are
undergoing metaphase of mitosis and then translating that percentage into minutes just takes a simple
formula. The conclusions they can then make from doing simple math in science are stronger when
backed up by math, and math can clarify these conclusions as raw data gets transformed and presented
graphically. Duncan (2018) argued that giving students the opportunity to use math in real world settings,
promoted student understanding, and I find this to be true. Not only is it important to put math into realworld contexts, doing math in science (and other disciplines) also answers the age-old questions of “Why
do I need to learn this?” Here is an example of mathematics being used in environmental science, social
science, and business (actuarial science), where students use data from local cemeteries or obituaries to
create survivorship curves. Survivorship / mortality data is important not only to ecologists and
demographers, but also in the field of sociology, and in actuarial science, a field that spans mathematics,
statistics, finance, economics, and life science. Students who want to know “How will this help me in real
life?” will find some very real, and relevant, answers. Teachers who like to connect content with real life
will find an exercise that can readily be incorporated into a unit on populations in social studies, or life
science, or math class.
Ecologists and Social Scientists use math to calculate population sizes and also life expectancy,
survivorship and mortality rates, and population growth rates. While this data is incredibly useful to
population ecologists and sociologists, it is also very useful in the business field of actuarial science.
This exercise has students calculate average life expectancies and survivorship using data from obituaries.
Ecologists use survivorship and mortality curves to predict population growth (or decline) of a variety of
plant and animal species. Census takers do the same, as do insurance agents, and you can discuss actuarial
science, and its use in the banking and insurance industries. Actuaries are the people that focus on the
analysis of mortality and survivorship, doing so by creating life history tables. Life insurance and pension
plans are the two main applications of actuarial science. Why is it so hard (or expensive) to get life
insurance when you are over 65 years of age? Actuaries can determine how likely you are to die from a
heart attack depending on your age, sex, history of smoking, etc. Knowing your probability of death at a
given age is how an insurer makes these decisions. Insurance companies won’t insure you if the risk of
their having to pay out is too high (or, the cost of insurance will be too high to afford!).
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This is also a great opportunity to connect with your social studies teacher and do a comparison on life
span and life expectancy, in different regions of the world, or among different ethnic groups or sociocultural-economic groups right here in the United States (it is pretty eye-opening!). You can extend this
to a lesson on population growth rates which ties in well with the environmental science theme of
overpopulation and carrying capacity, or the monitoring of an endangered species.
Creating Survivorship Curves from Mortality Data
The classic example of the use of mortality data to create survivorship curves in ecology is one that focuses
on Dall mountain sheep (Molles, 2010; Deavy, 1947). From 608 skulls, ecologists estimated age at death
(as indicated by the size of the horns) to create a life history table and thus calculate mortality rates and
survivorship rates. The life history table can be converted into a graph, or survivorship curve. Different
species may have different shaped survivorship curves, but in general there are three patterns of
survivorship (Figure 1, (Molles, 2010; Southwood and Henderson, 2000). Humans have a type 1 curve
(Figure 2), with low infant mortality and most members of the population surviving until old age at which
point the probability of death increases. Type 1 animals generally are larger, have a longer lifespan, have
fewer offspring and perform some parental care. A type three curve, typical of marine invertebrates and
fish, is the opposite, with high infant mortality – however, if you can make it past your infancy you have a
low probability of dying until you get old. These animals are short-lived, small, and have a large number
of offspring that they do little to care for. Type two curves have an equal probability of dying at any age
(for example, song birds).

Type I
(Humans, large mammals)

Type II
(songbirds)

Type III
(marine invertebrates)

Figure 1: Three types of survivorship curves.
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Figure 2: A survivorship curve indicative of humans, and other large mammals, where infant mortality
is low and survivorship is high until near the end of the expected lifespan.
In this exercise, students will create a life history table for humans, and graph a survivorship curve. We
can use obituary data to answer a variety of questions, for example: Do people living in modern times
have a longer life expectancy versus people living in the past? In a certain time period, who had a longer
life expectancy, men or women? Here, in this example, we will look at humans who were born and lived
in the 1800s (died before 1900), and humans who were born and lived in the 1900's (died after 2000).
You will need obituaries from a recent newspaper as well as some from the mid-late 1800s (either on-line
at www.findmypast.com, where you can search in your local area or compare two areas, states, or
countries, or using old newspapers often available on microfiche at your library, though you will need to
browse the microfiche to find death data (there are a lot of interesting notices and ads in an 1800s
newspaper). Alternatively, I photocopied and enlarged several late 1800 death notices and attached them
as a .pdf in the SCMathMate resources section).
Procedure for Survivorship Curve example (Pike, et al., 2017; Pike and Fox, 2002):
Choose 100 people (50 males and 50 females) that died before 1900 (so, they lived in the 1800’s)
and record their ages at death and the sex of the individual.
Next, choose 100 people (50 males and 50 females) who died after 2000 (living the bulk of their
life in the 1900’s) and record their ages at death and the sex of the individual.
Then, construct a life table from these data using the attached data sheet (see additional
resources). Determine values for the number of individuals who would have been alive at age 09 years (interval 1), 10 - 19 years (interval 2), 20 - 29 years and so on. Also, determine the number
of individuals who died during each interval (the opposite of a survivorship curve is a mortality
curve). A survivorship curve is normally prepared by plotting the logarithm of the number of
survivors against age; you can use the log10 function if you have advanced students but this data
displays well when you simply graph percent survivorship versus age interval.
Finally, plot the % survivorship versus age interval for the different populations.
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The class discussion for this one is interesting. First, it is pretty neat to look at obituaries from the 1800’s
– the newspapers were not set up in the same way, and there are a lot of ads, and fun articles. Second,
students will remark on the large number of infant deaths in the 1800’s. Look for patterns. A large
number of twenty-thirty something males in 1863? Ask your social studies teacher what major events
were occurring at that time (the Civil War!). Why did the 1918 flu epidemic kill so many? Again, your
social studies teacher has insights on how things like refrigeration, sanitation, vaccinations (the first flu
vaccination wasn’t until 1938), antibiotics (penicillin was discovered in 1928), and just simple practices
like washing your hands in medical wards (which was not really done prior to 1840) changed human
survivorship and mortality. You can even use this website (http://www.lifespancalc.com.) to enter data
to estimate your personal life expectancy. Then discuss male versus female patterns, and ask students
what kinds of jobs, or medical care, or maternity care, did people living in the 1800s have? How could
this have influenced ages at death? Here, we can really delve into explanations of the data the students
find which is a skill needed in all STEM fields. In fact, assigning student groups to do a 10 minute oral
presentation on the groups they compared and why, the assumptions involved, and their conclusions, is
a good way to end the activity.
Extensions on this activity can include estimating population growth rates using this formula: population
growth rate = (crude birth rate – crude death rate) x 100, or you could estimate the number of years it
will take to double your population size (this is the “rule of 70”, where population doubling time = 70 / %
growth rate).
In the end, this is a real application of math in life science, business, and even social science – the answer
to the question of “Why do I need to know this?” The exercises engage and excite, especially if you take
the opportunity to interact with your life science and social studies teachers for an interdisciplinary or
combined lesson. Assessment opportunities are varied, and include data sets that the students can graph
and interpret in order to draw conclusions (additional resources), on-line data sets to interpret, including
a great comparison of 1900 versus 2010 with interactive graphics in the New England Journal of Medicine
(Jones, et al., 2012), and oral reports (individual or group) on different species and their survivorship students can read the scientific article ‘Diversity of ageing across the tree of life’ (Jones, et al., 2014) which
has survivorship curves for a variety of species, then select a species and report out. It is a neat article,
and shows survivorship curves of many animals; you may be surprised to find that a lot of plants show a
type 2 curve and that the survivorship curves of lions, killer whales, and Daphnia (the water flea) are very
similar to that of humans.
Resources
www.findmypast.com
http://www.lifespancalc.com

Additional Resources

Student handouts follow the references. Obituary scans are at the end of the issue.
References
Deevey, E. S. 1947. Life tables for natural populations of animals. The Quarterly Review of Biology
22:283-314.
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NGSS Standards

MS-ESS3-4 Construct an argument supported by evidence for how increases in human population
and per-capita consumption of natural resources impact Earth’s systems.
Common Core Standards
6.NS-2&3 Fluently divide multi-digit numbers using the standard algorithm. Fluently add,
subtract, multiply, and divide multi-digit decimals using the standard algorithm for each operation.
6.SP-4 Display numerical data in plots on a number line, including dot plots, histograms, and box
plots.
7.EE Solve real-life and mathematical problems using numerical and algebraic expressions and
equations.
7.SP-4 Draw informal comparative inferences about two populations.
South Carolina College-and-Career-Ready Standards for Mathematics

6.NS.7 Understand and apply the concepts of comparing, ordering, and finding absolute value to
rational numbers.
6.NS.3 Fluently add, subtract, multiply and divide multi-digit decimal numbers using a standard
algorithmic approach.
6.NS.1 Compute and represent quotients of positive fractions using a variety of procedures (e.g.,
visual models, equations, and real-world situations).
6.NS.2 Fluently divide multi-digit whole numbers using a standard algorithmic approach.
6.DS.4 Select and create an appropriate display for numerical data, including dot plots, histograms,
and box plots.
6.DS.5 Describe numerical data sets in relation to their real-world context.
7.NS.3 Apply the concepts of all four operations with rational numbers to solve real-world and
mathematical problems.
7.RP.3 Solve real-world and mathematical problems involving ratios and percentages using
proportional reasoning (e.g., multi-step dimensional analysis, percent increase/decrease, tax).

Science and Engineering Practice

Classroom Connection

Planning and Carrying Out
Investigations



Analyzing and Interpreting Data




Using Mathematics and Computational
Thinking




Constructing Explanations and
Designing Solutions

Identify independent, dependent, and controlled
variables for the survivorship exercise.
Collect, transform, and analyze data.
Calculate mean and range of the survivorship data
sets.
Graph % survivorship versus age interval.
Using data collected in the classroom argue that
human inventions such as vaccines, antibiotics,
hospital care equipment, and sanitary equipment
have lengthened average human lifespans.
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Cemetery Lab (Survivorship)

NAME _______________________________

Today we will look at survivorship / mortality curves. This implies that you have a database including
ages of death of a cohort of individuals. A survivorship curve traces the decline in number, over time, of
a group of individuals born at the same time (a cohort). It can be thought of as the probability of an
individual surviving to various ages, or the average Life Expectancy. Life expectancy is different from
the Maximum Life Span (i.e. the American robin, Turdus migratorius, can live to be 7 years old but the
probability of a newly hatched robin doing so is less than 1 %. Many live only a year or two. Life
expectancy is 1-2 years, but the maximum life span is 7 years).
The life expectancy of human populations has increased significantly in the past 100 - 300 years due to
improved nutrition, preventative medicine, life-style changes, improved sewage control and hygiene and
new technologies such as refrigeration and pasteurization. In the early days of Rome, life expectancy
was only 22 years! In America in 1900, the life expectancy was about 48 years; in 2002 it was 77.4 years.
A Dominican woman lived to a ripe old age of 127 (the maximum human life span). In brief, survival
rates are up and mortality rates, especially infant mortality rates, are down: this leads to population
growth.
There are three typical population survivorship curves: Type I, Type II and Type III. Humans have a
Type I growth rate, with low infant mortality and a high probability of living until you are old (at which
time the probability of death increases).

Type I
(Humans, large mammals)

Type II
(songbirds)

Type III
(marine invertebrates)

To determine age specific mortality and survivorship curves for a population, ecologists will follow a
cohort - a group of individuals born within the same time interval (for example, a year, 5 years, or a
month, depending on the species we are looking at). The cohort is followed until all members of the
cohort are dead; gender and age at death is recorded for each individual. We find that each species has
a characteristic life span, although few may reach the maximum age.
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Purpose: In this exercise we will construct survivorship curves for humans who were born and lived in
the 1800s, and humans who were born and lived in the 1900's (died after 1980). Our primary purpose
is to compare the survivorship and life expectancies of humans living in the 1800’s and humans living in
the 1900’s. Our secondary purpose is to look at differences between male and female survivorship in
each time period.
Question 1: Do people living in modern times (1900’s) have a longer life expectancy versus people
living in the 1800’s?

Hypothesis: ________________________________________________________
____________________________________________________________________

Question 2: In the 1800’s, who had a longer life expectancy, men or women?
Hypothesis: ___________________________________________________________
______________________________________________________________________

Now let’s see if we can get some data / evidence to support our hypothesis.
Procedure: Choose 100 people (50 males and 50 females) that died before 1900 (so, they lived in the
1800’s) and record their ages at death and the sex of the individual.
Next, choose 100 people (50 males and 50 females) who died after 2000 (living the bulk of their life in
the 1900’s) and record their ages at death and the sex of the individual.
Then, construct a life table from these data using the attached data sheet. Determine
values for the number of individuals who would have been alive at age 0-9 years (interval 1), 10 - 19
years, 20 - 29 years and so on. Also, determine the number of individuals who died during each interval
(the opposite of a survivorship curve is a mortality curve). A survivorship curve is prepared by plotting
the logarithm of the number of survivors against age.
Finally, Plot the % survivorship (%S) versus age intervals for the different populations. You may also
choose to plot log10(%S). A logarithmic scale (using semi-log paper) allows you to visualize exponential
data as a linear relationship - it takes the exponential curve and straightens / smooths it out.
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EXAMPLE DATA SHEET & CALCULATIONS
Data Table - MALES who died before 1900:
Age
Interval
(years)

Age at Death
(years)

# who
died
during
interval

Survivorship
(total # still
alive)

% Survivorship

Log10 (%S)

(( # still alive /
total number of
people in cohort
) x100)

0-1

(List the separate ages
of death for each
individual who died in
this age interval)
2 months

2-9

3, 5

2

47

94

1.97

10-19

11

1

46

92

1.96

20-29

20

1

45

90

1.95

30-39

31, 32, 38

3

42

84

1.92

40-49

48, 48

2

40

80

1.90

50-59

50, 57

2

38

76

1.88

1

50 total:
49

98%

1.99

And so on ….. till you have 50 ages at death
All ages added
together =
Average life
Expectancy =
total of all ages
/ 50 names
Total

50 ages

x

x

x

x

x

x

x

x

50

0

0

x
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You may find it useful to tabulate your data like this:
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Data Table - MALES who died before 1900 (Lived in 1800s):
Age
Interval
(years)

Age at Death
(years)
(List the separate ages
of death for each
individual who died in
this age interval. The
total goes in the next
column).

# who
died
during
interval

Survivorship
(# still alive)

50

0

% Survivorship
( # still alive /
total number of
people in cohort)
x100

0-1
2-9
10-19
20-29
30-39
40-49
50-59
60-69
70-79
80-89
90-99
100+
TOTAL

50

0

What was the average age of death (average life expectancy)? ____________
Maximum life span ?________________
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Log10(%S)

Data Table - FEMALES who died before 1900 (Lived in 1800s):
Age
Interval
(years)

Age at Death
(years)
(List the separate ages
of death for each
individual who died in
this age interval. The
total goes in the next
column).

# who
died
during
interval

Survivorship
(# still alive)

50

0

% Survivorship

Log10(%S)

( # still alive /
total number of
people in
cohort) x100

0-1
2-9
10-19
20-29
30-39
40-49
50-59
60-69
70-79
80-89
90-99
100+
TOTAL

50

0

What was the average age of death (average life expectancy)? ____________
Maximum life span ?________________

Now, Plot the survivorship versus age intervals for both males and females who died before 1900 on
ONE graph.
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Data Table: MALES who died after 2000 (Lived in 1900s):
Age
Interval
(years)

Age at Death
(years)
(List the separate ages
of death for each
individual who died in
this age interval. The
total goes in the next
column)

# who
died
during
interval

Survivorship
(# still alive)

50

0

% Survivorship
( # still alive /
total number of
people in cohort)
x100

0-1
2-9
10-19
20-29
30-39
40-49
50-59
60-69
70-79
80-89
90-99
100+
TOTAL

50

0

What was the average age of death (average life expectancy)? ____________
Maximum life span ?________________
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Log10(%S)

Data Table: FEMALES who died after 2000 (Lived in 1900s):
Age
Interval
(years)

Age at Death
(years)
(List the separate ages
of death for each
individual who died in
this age interval. The
total goes in the next
column).

# who
died
during
interval

Survivorship
(# still alive)

50

0

% Survivorship

Log10(%S)

( # still alive /
total number of
people in
cohort) x100

0-1
2-9
10-19
20-29
30-39
40-49
50-59
60-69
70-79
80-89
90-99
100+
TOTAL

50

0

What was the average age of death (average life expectancy)? ____________
Maximum life span ?________________

Now, Plot the survivorship versus age intervals for both males and females who died after 2000 on ONE
graph.

27

Review Questions:
1. What type of survivorship curve (I, II, or III) did you find for your data? Was there a different type
curve in the 2 data sets (1800 versus 1900s)? Or in men versus women?

What does this reflect?

2.

Did your data show a difference in age at death between males and females?
Which sex lived longer in the 1800s? ___________________________
Which sex lived longer in the 1900s? ___________________________
Why do you think this happened?

3. Did your data show a difference in age at death between people (males and females together) living
in the 1800s versus people living in the 1900s?
Which group (1800s or 1900s) lived longer? ___________________________
What was the average life expectancy for people living in the 1800’s? _________
for people living in the 1900’s? __________

Why do you think this happened?

4. Why did American families living in the colonial period want and need to have large families?
5. What are some factors that led to low life expectancies in the American Colonial period?
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6. Humans typically have a type 1 survivorship curve. What are the distinguishing characteristics of type
1 organisms?

7. What are some other animals that also have a type 1 curve?

8. Oysters, mosquitos, and many marine fish have a type 3 survivorship curve. What are their
distinguishing characteristics?

9. If a third of the world population is now below the age 15, what effect will this
age distribution have on the growth rate of the human population? What sort of
humane recommendations would you make to encourage this age group to limit the
number of children they plan to have?

10. Take the Black Bear life table and create a survivorship curve:
Age
Interval
(years)

# who died
during interval

0-1
1.1 - 2
2.1 - 3
3.1 - 4
4.1 - 5
5.1 - 6
6.1 - 7
7.1-8
8.1-9
9.1-10
Total

6
14
4
9
3
7
16
8
17
16
100

Survivorship
(total # still alive)
1000 total

29

% Survivorship
(( # still alive /
total number in
cohort ) x100)

Log10 (%S)

11. Predict which animal is indicated in the following survivorship curves:

survivorship curve 1

% survivorship

150

a. Elephant
100

b. Cardinal (songbird)
50

c. Squirrel
0

0

5

10

15

d. Blue Crab

time (units)

survivorhip curve 2

% survivorship

100
80
60
40
20
0

0

5

10

15

time (units)
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Lines and Circles and Points, Oh My!
Gail Kaplan
Towson University
Abstract
This article provides a stimulating, discovery approach that enables students to gain an in depth
understanding of the formal mathematical definition of a parabola. Along the way students
make and test conjectures about various transformations of the parabola that result by keeping
the given fixed point and moving the given line. The journey is challenging, filled with potential
frustration and excitement until the “Aha!’ moment arrives! Get out the highlighters and have
fun doing mathematics
When confronted with precise mathematical definitions of conic sections, many students feel a bit like
Dorothy, the Tin Man, and the Scarecrow walking through the scary forest in The Wizard of Oz – lost and
apprehensive. For example, a parabola is defined as the set of all points that are equidistant from a fixed
point and a fixed line, but when given this definition many students will have no clue what the shape looks
like. There are many wonderful activities to connect quadratics to real world situations. For instance a
quadratic describes the path of the water in a water fountain, or the path of the ball when it is thrown, or
a pumpkin shot from a supersized sling shot. In this article we will explore how mathematics students can
use their understanding of the distance from any point in the xy plane to a given horizontal line and the
definition of a circle as the set of all points a fixed distance from a given point called the center to explore
parabolas. The discovery experience enables students to gain an in-depth understanding of the formal
mathematical definition.
Working in groups students are encouraged to implement many of the SC Mathematical Process
Standards including

a. Make sense of problems and persevere in solving them.
b. Reason both contextually and abstractly.
c. Use critical thinking skills to justify mathematical reasoning and critique the reasoning
of others.
d. Communicate mathematically and approach mathematical situations with precision.
e. Identify and utilize structure and patterns.
Throughout the process students gain an understanding of the formal definition of a parabola. This
activity directly addresses the content standard GGPE.2 – Use the geometric definition of a parabola to
derive its equation given the focus and directrix.

To begin students are given a grid of black concentric circles and a bold black horizontal
line. The first task is for students to highlight all points that are exactly 2 units from the
center of the circle and all points that are exactly 2 units from the horizontal line. The
diagram shows the expected student response. The next prompt is to draw a solid dot
for every point that is both exactly 2 units from the center point of all the circles and
exactly 2 units from the bold line. Note that for the given diagram there are no points
that satisfy both conditions since the orange circle and the orange line do not intersect.
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Students are asked to repeat the same process and determine if there are any points
that are exactly 3 units from the center point of all the circles and 3 units from the
bold line. Since the red circle and the red line intersect at one point, there is one
point that satisfies this condition

Next, students find 2 points that are exactly 4 units from the center point of all the circles
and 4 units from the bold line as shown by the intersections of the green circle and line.

Students continue to find points of
intersection until there are seven
circles and lines highlighted. The
next prompt is “Connect the dots
with a smooth curve. What do you
notice? What do you wonder?” This
is an excellent time for a teacher to
conduct a class discussion with
students about their conclusions, to
share what they noticed and what
they wondered. Students might
reference decreasing and increasing
using terms like “going down” and
“going back up”
They might
reference
end
behavior
by
mentioning how the two sides “go up
and out forever.” At the end of the
discussion the teacher can introduce
the students to the term “parabola” if students have not heard it before and it does not come up during
the discussion.
In the next section students make conjectures about how translations of the bold horizontal line will affect
the resulting parabola. For example what happens to the shape if the bold line is above the center of the
circle? What happens to the shape when the bold line gets further and further away from the center of
the circle? Students then test their conjectures using the graphs provided, and record the actual results
in the last column of the chart. This is an ideal time for a teacher to conduct a class discussion where each
group shares their conjectures, or, depending on the size of the class, the teacher visits with each group
for this conversation.
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The final section of the activity connects the geometric relationships to the algebraic representation with
the inclusion of the coordinate system. Students label the center of the circles as point (0, 3), the bold
line as y = -3, and draw the x and y axes in the appropriate locations. Next students write an expression
for the distance from a point (x, y) to the center of the circle, and an expression for the distance from the
point (x, y) to the bold line. Finally, students assume that (x, y) is any point in the plane satisfying that
that the distance from (x, y) to the center of the circles (0, 3) is exactly the same as the distance from (x,
y) to the bold line, y = -3, and express this relationship as an equation to see that a quadratic is formed.

x 2   y  3 | y  3 |
2

so x 2   y  3   y  3
2

2

By expanding and simplifying, the equation of the parabola is y 

1 2
x . This is an ideal time for the
12

teacher to lead a class discussion with students on how the geometric relationships relate to the algebraic
representation, encouraging students to appreciate how geometry and algebra can be intertwined to
enhance understanding of mathematical concepts.
There are many potential extensions. For example, students might consider what happens to the shape
of the parabola as the distance from the bold line to the center of the circle gets very small, and
conversely, what happens when the bold line moves further and further away from the center of the
circle. Exploring these concepts either by hand or with technology can lead to discussions about limits, a
topic that students will encounter later in Calculus.
As educators we are well aware that student learning styles differ dramatically. This hands on-approach
to explore the formal definition of a conic section, the parabola, provides a stimulating experience to
enable students to develop a deeper understanding of this mathematical relationship. Get out the
highlighters and have fun while mastering theoretical concepts!
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Lines and Circles and Points, Oh My!
I.
Plotting and Noticing
Note: On each graph provided the smallest circle has a radius of 1 unit and each circle has a radius that
is exactly 1 unit larger than the radius of the circle before it.
Graph 1

a.
Use a highlighter, colored pencil, crayon, or marker.
Highlight all of the points that are 2 units from the center point of all the circles.
Highlight all of the points that are 2 units from the bold line.
If possible, draw a solid dot to indicate every point that is exactly 2 units from the center point of all the
circles and exactly 2 units from the bold line.
How many solid dots did you draw?
Pick a different color.
Highlight all of the points that are 3 units away from the center point.
Highlight all of the points that are 3 units from the bold line.
Draw a solid dot to indicate every point that is exactly 3 units from the center point and exactly 3 units
from the bold line.
How many solid dots did you draw?
Repeat this process until it is no longer reasonable to draw any more points that are both the same
number of units away from the center point of all the circles and the bold line.
b.

Connect the dots to obtain a smooth curve, C1. What do you notice? What do you wonder?
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II.

Exploring with Different Bold Lines

a. The following table describes how to create new curves by using a new bold line. Make a conjecture
(guess) as to what will happen to the resulting smooth curve for each of the following translations of the
bold line and complete the middle column of the table below.
Translation Description

Description of how you think the
Translation will change the Shape

Description
of
how
the
Translation actually changes the
Shape

Curve C2
Move the original bold line 2
units lower.
Curve C3
Move the original bold line 2
units higher
Curve C4
Move the original bold line 4
units above the center of the
circles.

b.
Create curve C2 by drawing the horizontal bold line that is 2 units lower than the original bold line,
and repeating the same process as in Part I. When the curve is created, complete the first row of the table
above.
Graph 2
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c.
Create curve C3 by drawing the horizontal bold line that is 2 units higher than the original bold
line, and repeating the same process as in Part I. When the curve is created, complete the second row of
the table in part a.
Graph 3

d.
Create curve C4 by drawing the horizontal bold line that is 4 units above the center of the circles,
and repeating the same process as in Part I. When the curve is created, complete the last row of the table
in part a.
Graph 4
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III.
In well-written sentences explain how the location of the bold line changes the shape of the
parabola.

IV.

Finding an Equation

a.
Assume
the
coordinates of the center
of all the circles below is
(0, 3) and the equation
representing the bold line
is y = -3.
Use this
information to draw the x
and y axis in the appropriate location.

b.
Write an expression that represents
the distance from (x, y) to
the center of the circle.

c.

Write an expression that represents the distance from the point (x, y) to the bold line.

d.
Assume (x, y) is any point in the plane satisfying that that the distance from (x, y) to the center of
the circles (0, 3) is exactly the same as the distance from (x, y) to the bold line. Express this relationship
as an equation. Simplify your equation. What type of function is this?
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The Attitudinal Effect, in Terms of Gender, of Week-Long Graphing Handheld InService/Pre-service Training Institutes on Mathematics Teachers
Gail M. Gallitano and JoAnn Kump
West Chester University
Abstract
This study deals with the attitudinal effects, in terms of gender, of graphing calculator summer institutes on teachers
of mathematics. All institutes used one or more of the Texas Instruments graphing handhelds/mini-computers along
with other technologies, such as the CBR and the CBL2. In a cooperative spirit the teachers learned to effectively
incorporate these technologies into their teaching. This study involved a total of 226 teachers and incorporates
summers, 2009 to 2012, inclusive. The same attitudinal survey was administered both before the workshop and again
at the conclusion of the workshop. The study was conducted at West Chester University of Pennsylvania. The findings
showed that male teachers initially held more positive attitudes and confidence in using technology in the
mathematics classroom than did female teachers. Post attitudinal results show that female teachers exhibited
enhanced positive attitudes toward integrating technology into the classroom after participation in the Professional
Development Workshops, while male teachers also showed this but to a somewhat lessor extent. The positive
attitudes and confidence in using technology in the mathematics classroom for males were upheld and somewhat
enhanced. These results support previous findings (Zhou & Xu, 2007; Yildirim, 2000) that technology experience is
gender-based; PD training can remedy gender differences in technology use in the classroom; and differing needs of
teachers, by gender, should be considered for future PD programs.

Introduction
The graphing handheld in the mathematics classroom is now a mainstay and is, typically, one of the Texas
Instruments (TI) models. The TI 84 Plus series, the TI 89 Titanium Graphing Calculator, and the TI-Nspire
series are currently all very popular. The graphing handheld first started being used in the mathematics
classroom in the 1970s in a limited fashion and mostly for number crunching. These early handhelds
began to change methods of instruction (Clutter, 1999). Then in the 1980s the graphing handhelds
became more sophisticated and were programmable and had more functions. Teachers could now use
the graphing handheld to show relationships, discover patterns and draw conclusions. Today there are
many very sophisticated graphing handhelds. This tool has changed how we teach and assess students in
mathematics. The role of the teacher remains crucial to the effective use of educational technologies
(Zhao, Hueyshan & Mishra, 2001).
The rapid evolution of new technologies influencing education in the last two decades is changing the
ways teachers are teaching and how students are learning. Teachers’ perceptions and attitudes towards
these new technologies play an important role in the effective use of such technologies within the
teaching and learning process (Groff & Mouza, 2008). The teachers’ role has changed and is now that of
a “facilitator” as opposed to a “master.” As facilitators, teachers introduce tasks, answer questions,
prompt discussions, and summarize/present outcomes (Yank, 2004). There are important advantages of
using technology to teach mathematics. It allows one to use: 1) dynamic video as opposed to static media,
2) new representational infrastructure which, in turn, allows for the reintegration of previously achieved
knowledge, and 3) new systems of knowledge by employing infrastructure based on technology (Jaradat
& Hoagland, 2009). Teacher attitudes, both males and females, are important and are the driving force
in instruction. It’s important that mathematics educators, both males and females, educate our students
and enable them to have the mathematical power necessary to function in today and tomorrow’s society.
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Statement of the Problem
Studies show that incorporating technological resources into instruction, such as the graphing handheld,
leads to higher levels of student engagement (MacBribe & Luehmann, 2008), student achievement (Engel
& Green, 2011), and student performance (Shirley, Irving, Sanalan, Pape, & Owens, 2011). It improves
students’ math skills, improves math test scores, with or without student calculator use during testing,
leads to better student attitudes toward mathematics, and promotes higher student achievement when
incorporated into the curriculum (Ruthven, 1990; Smith and Shotsberger, 1997; Tolias, 1993) It is
beneficial to students if their teachers are well versed in graphing handheld methodology, have positive
attitudes towards their use, and frequently and effectively make use of graphing handhelds during their
mathematics instruction. A large number of studies show that there is a gender disparity in the perception
and use of technology. A study at a large Canadian university found that females had lower confidence
and less experience in using computers as a part of their teaching strategies (Zhou and Xu, 2007). Another
study surveyed 186 pre-service teachers and found the level of perceived usefulness, perceived ease-ofuse, and intention to use computers in the classroom was much lower for females than for male teachers
(Yuen and Ma, 2002). Lack of knowledge and experience in using technology is one of the most common
reasons reported by female teachers for their negative attitudes towards technology. In investigating
changes in pre-service and in-service teachers’ attitudes towards computers, and other technologies, it
was found that teachers’ confidence and preference for using technology significantly improved after
participation in a computer literacy course (Yildirim 2000). It is imperative that both male and female
mathematics teachers take part in professional development programs that help them to sharpen their
technology skills for use in the classroom and enhance their attitudes toward such use.
Methodology
The West Chester University Teachers Teaching with Technology In-service/Pre-service Training Program
was founded in 1995. Under the aegis of this program all day week-long graphing handheld institutes are
hosted for mathematics teachers, mostly in the summers. These institutes are instructed by Texas
Instruments professionals who are well trained in graphing handheld methodology and technology. The
institute’s curriculum is written by mathematicians and mathematics educators who are well versed in
the integration of the graphing handheld into the mathematics curriculum. The graphing handhelds used
are one of the TI models, such as the TI-84 Plus Series, the TI-89 Titanium, or the TI-Nspire Series. The
institute’s instructors also use many other modes of technology during the institutes, including the CBR,
the CBL2, the computer, TI-interactive software, and so forth. Since the Program’s inception thousands
of teachers have attended one or more graphing handheld institute.
The workshops have been offered many summers since 1995. The Program’s director has collected data
from many of the years using an attitudinal survey which is filled out by the participants both at the
beginning and at the end of the institute. The survey questions deal with graphing handheld usage in the
mathematics classroom and also with the teacher’s attitudes concerning graphing handheld usage in the
mathematics classroom. The purpose of the graphing handheld institutes is not only to provide inservice/pre-service training for mathematics teacher but also to enhance their attitudes toward graphing
handheld usage in the mathematics classroom so as to encourage them to appropriately use the graphing
handheld in their classroom instruction.
The Results
Questionnaires were evaluated from 226 participants to help determine attitudes toward the use of
graphing handhelds in the classroom. The questions of interest for this study were the 22 attitudinal
questions. Other questions on the survey dealt with years of college education, demographics, years of
experience, and so forth. All of the workshop participants were middle school or high school mathematics
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teachers, and a few science teachers, from various states with the largest percentage coming from the
state of Pennsylvania.
Demographic/Characteristic
Category
Count
Percentage
Year
2009
63
28%
2010
70
31%
2011
64
28%
2012
29
13%
Age
20-29
42
19%
30-39
52
23%
40-49
55
24%
50-59
63
28%
60 or above
13
6%
Gender
Male
80
36%
Female
145
64%
Year of teaching experience
5 or less
51
23%
6-10
42
19%
11-15
47
21%
16-20
40
18%
21 or more
44
20%
Highest degree completed
BA/BS
70
31%
MA/MS
38
17%
MA/MS+
111
49%
Doctorate
6
3%
Certification Area
Elementary Education
15
7%
Secondary mathematics
190
87%
Secondary other
14
6%
Current teaching assignment Algebra I
47
29%
Algebra II
59
36%
Both
58
35%
School
Middle/Junior high school 47
22%
Senior high school
171
78%
Estimated enrollment in
0-200
11
5%
school
201-500
36
17%
501-1000
68
31%
1001 or more
103
47%
Average class size in algebra
11-15
19
9%
classes
16-20
29
14%
21-25
76
36%
26-30
73
35%
31 or more
12
6%
County school location
Bucks
4
5%
Chester
31
38%
Delaware
26
32%
Montgomery
16
20%
Philadelphia
5
6%
Table 1: Demographics / Characteristics of participants

40

The results show that male teachers held more positive attitudes and confidence in using technology than
did female teachers and this difference became less significant after the professional development
workshops. Female teachers exhibited an enhanced level of integrating technology in the classroom after
participation in the professional development workshops, while male teacher’s level of integrating
technology in the classroom remained positive and somewhat enhanced.
Participant’s attitudes toward the use of graphing handhelds in the classroom were assessed before
commencing the workshop and after completing the workshop to determine the effect of the workshop
on one’s attitudes toward the use of graphing handhelds in the classroom. Participants’ attitude was
measured as an ordinal variable on a 5-point Likert scale, ranging from 1 = Strongly Agree to 5 = Strongly
Disagree.
A one-way ANOVA test, with an alpha level of 0.05, was conducted to assess any attitudinal differences
between males and females. The results show a significant difference (p < 0.05) for some questions
between males and females for both the pre-test questionnaire and post-test questionnaire. The one-way
ANOVA is a good fit for this study since the Central Limit Theorem allows for it. The pre-test one-way
ANOVA test findings can be found in Table 2. The post-test one-way ANOVA test findings can be found in
Table 3. The questions are listed after the references.
Question
q35
q36
q37
q38
q39
q40
q41
q42
q43
q44
q45
q46
q47
q48
q49
q50
q51
q52
q53
q54
q55
q56

Estimate
(Male-Female)
-0.04
-0.36
-0.17
0.18
0.65
0.02
-0.20
0.04
0.15
0.14
0.08
-0.01
-0.18
-0.13
0.07
-0.35
-0.19
-0.14
-0.17
0.25
-0.26
0.08

Std Err

DF

t-value

Lower

Upper

p-value

0.128
0.129
0.111
0.159
0.174
0.148
0.133
0.128
0.112
0.127
0.113
0.095
0.120
0.147
0.123
0.156
0.128
0.097
0.120
0.115
0.127
0.157

219
219
219
219
219
219
218
219
223
223
222
222
222
223
223
223
223
222
220
222
221
221

-0.336
-2.774
-1.555
1.109
3.717
0.153
-1.499
0.293
1.372
1.130
0.689
-0.117
-1.481
-0.892
0.551
-2.246
-1.504
-1.415
-1.432
2.174
-2.052
0.493

-0.296
-0.614
-0.392
-0.137
0.304
-0.270
-0.463
-0.215
-0.067
-0.106
-0.145
-0.198
-0.414
-0.422
-0.175
-0.659
-0.445
-0.329
-0.408
0.023
-0.513
-0.232

0.210
-0.104
0.046
0.490
0.990
0.315
0.063
0.290
0.373
0.393
0.300
0.176
0.059
0.159
0.311
-0.043
0.060
0.054
0.065
0.477
-0.010
0.387

0.7376
0.0060*
0.1213
0.2687
0.0003*
0.8784
0.1352
0.7701
0.1715
0.2597
0.4918
0.9068
0.1401
0.3736
0.5819
0.0257*
0.1340
0.1583
0.1537
0.0308*
0.0413*
0.6222

Table 2: Pre-test ANOVA results
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Question
q35
q36
q37
q38
q39
q40
q41
q42
q43
q44
q45
q46
q47
q48
q49
q50
q51
q52
q53
q54
q55
q56

Estimate
(Male-Female)
0.00
0.00
-0.02
0.13
0.29
0.07
-0.18
-0.12
0.29
0.01
-0.04
-0.07
-0.30
-0.28
-0.03
-0.06
-0.20
-0.24
-0.08
0.09
0.04
-0.23

Std Err

DF

t-value

Lower

Upper

p-value

0.123
0.108
0.090
0.149
0.164
0.149
0.132
0.138
0.096
0.124
0.111
0.091
0.119
0.128
0.105
0.117
0.135
0.091
0.108
0.110
0.077
0.144

221
221
221
221
221
219
221
221
223
223
223
223
223
223
223
223
223
223
221
220
221
221

-0.008
-0.021
-0.228
0.874
1.755
0.484
-1.357
-0.890
3.021
0.104
-0.397
-0.774
-2.487
-2.214
-0.258
-0.515
-1.477
-2.593
-0.759
0.798
0.467
-1.601

-0.243
-0.215
-0.197
-0.164
-0.036
-0.222
-0.439
-0.394
0.101
-0.232
-0.262
-0.251
-0.532
-0.535
-0.234
-0.291
-0.465
-0.416
-0.295
-0.129
-0.116
-0.515

0.241
0.211
0.156
0.425
0.613
0.367
0.081
0.149
0.478
0.258
0.174
0.109
-0.062
-0.031
0.180
0.171
0.067
-0.057
0.131
0.305
0.189
0.053

0.9938
0.9832
0.8200
0.3832
0.0807
0.6285
0.1761
0.3744
0.0028*
0.9173
0.6920
0.4398
0.0136*
0.0278*
0.7963
0.6073
0.1410
0.0101*
0.4489
0.4255
0.6408
0.1108

Table 3: Post Test ANOVA results
The following multi bar graphs display the results for questions 36, 39, 50, 54 and 55, both pre-test and
post-test. These questions were found to have a significant difference in terms of gender on the pretest. Questions 50 and 55, point to the possibility that females, from the onset, felt as though they
lacked the knowledge and competency to effectively use graphing handhelds in the mathematics
classroom.

Fig. 1. Multi Bar Graph for Question 36 showing both pre and post percentages for
males and females.
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Fig. 2. Multi Bar Graph for Question 39 showing both pre and post percentages for
males and females.

Fig. 3 Multi Bar Graph for Question 50 showing both pre and post percentages for
males and females.
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Fig. 4 Multi Bar Graph for Question 54 showing both pre and post percentages for
males and females.

Fig. 5 Multi Bar Graph for Question 55 showing both pre and post percentages for
males and females.

The following multi bar graphs display the results for questions 43, 47, 48 and 52 both pre-test and posttest. These questions were found to have a significant difference in terms of gender on the post-test.
Question 43 suggests enhanced positive attitudes for both males and females after the PD.
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Fig. 6. Multi Bar Graph for Question 43 showing both pre and post percentages for
males and females.

Fig. 7. Multi Bar Graph for Question 47 showing both pre and post percentages for
males and females.
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Fig. 8 Multi Bar Graph for Question 48 showing both pre and post percentages for
males and females.

Fig.9 Multi Bar Graph for Question 52 showing both pre and post percentages for
males and females.

The following side-by-side bar graphs further display the results for questions 36, 39, 50, 54 and 55.
These questions were found to have a significant difference in terms of gender on the pre-test.
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Fig. 11 Side-by-side bar graph Question 39 (pretest)

Fig. 10 Side-by-side bar graph Question 36 (pre-test)

Fig. 12 Side-by-side bar graph Question 50 (pre-test)

Fig. 13 Side-by-side bar graph Question 54 (pre-test)
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Fig. 14 Side-by-side bar graph Question 55 (pre-test)

The following side-by-side bar graphs further display the results for questions 43, 47, 48 and 52. These
questions were found to have a significant difference in terms of gender on the post-test.

Fig. 16 Side-by-side bar graph Question 47
(post-test)

Fig. 15 Side-by-side bar graph Question 43 (posttest)
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Fig. 17 Side-by-side bar graph Question 48 (post-test)

Fig. 18 Side-by-side bar graph Question 52 (posttest)

Discussion
Incorporating graphing handhelds into the mathematics classroom is very beneficial to students. Students
using handhelds perform better, score higher on tests, and have more positive attitudes toward
mathematics. It is important therefore that teachers, both males and females, feel comfortable using
graphing handhelds in the classroom and that they are well instructed on how to effectively incorporate
graphing handhelds into the mathematics classroom.
This study shows that in-service training workshops serve as a very valuable experience for teachers. The
results found are similar to those found by Li (2016). Professional development training programs in
technology appear to benefit female teachers more than male teachers. Male teachers had more positive
perceptions towards technology prior to and in the beginning of the PD program. However, they still
improved their skills to some degree regarding integration of technology into the classroom after
participating in the PD training. Future PD program designs and corresponding curriculum should be
developed to take into account the particular needs of female and male teachers in order to help facilitate
equality and effectiveness in these types of PD programs.
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The following are the survey questions q35 through q56:
35. Students should be introduced to graphing calculators at the algebra I level.
36. Graphing calculators allow for algebra classes to cover additional algebraic material (topics) not
covered in classes that are not using graphing calculators.
37. Graphing calculators allow for greater detail and/or difficulty of algebra topics than in classes
that are not using graphing calculators.
38. Graphing calculators allow for omission or de-emphasis of certain algebraic topics.
39. Students should be permitted to use graphing calculators during ALL tests.
40. Students should be permitted to use the newest graphing calculators (like the Ti-92 –an
algebraic symbolic manipulator) in algebra classes.
41. When graphing calculators are used in instruction, students should first solve algebraically and
support graphically.
42. When graphing calculators are used in instruction, students should solve graphically only when
algebraic methods are too difficult.
43. The graphing calculator is motivational
44. When students work with graphing calculators, they do not need to show their work on paper.
45. Algebra is easier to learn if graphing calculators are used.
46. More interesting algebra problems can be done when students have access to graphing
calculators.
47. Students understand algebra better if they solve problems using paper and pencil.
48. Students should not be allowed to use graphing calculators until they have mastered the
concepts or procedures.
49. Graphing calculators should be required of all algebra students assuming that they would be
made available to those who could not afford one.
50. I am proficient at using graphing calculators.
51. Graphing calculators should be used only to check work once the problem has been worked out
on paper.
52. Graphing calculators should be used on algebra homework.
53. I have used graphing calculators in my classroom before.
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54. Using graphing calculators will make students try harder.
55. I know ways I can use graphing calculators effectively in my classroom.
56. There is a lot I do not know about the use of the graphing calculator.
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Obituary Notices from Lisa Pike's article "Using Cemetery Data to Calculate
Survivorship: The Interdisciplinary Nature of Mathematics" beginning on page
13 of this issue.

