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Setting the Stage

? Location.

? Vision.

? Education..

SunWatch Indian Village/Archaeological Park, (Click) located on the banks
of the Great Miami River in Dayton, Ohio is ideally suited to illustrate the
value of a prairie for its past, present, and future inhabitants. (Click)

The vision to provide a holistic experience for visitors to the park by
surrounding the reconstructed village with a prairie environment similar to
the original was begun by Gail Wagner and J. Heilman in the 1980’s.

(Click)

Two successive grants from the Ohio Environmental Education Fund in
2001 and 2004 have provided funding for programs to educate the public
on the value of Ohio’s native ecosystems both in the past and present.
OEEF interns James Johnson, Linda Ramey, Jeannette Spicer, Susan
Nelson, and currently, Eileen Roberts along with countless volunteers,
continue the vision begun by Gail Wagner and J. Heilman. Prairie
restoration has become a significant part of the SunWatch reconstruction
of a prehistoric community by placing the architectural reconstruction into
context. The OEEF grant provides financial support through the year 2006
for transportation and program admission for neighboring school districts
that are in Academic Emergency or Academic Watch status to participate
in the math-based Prairie Experience module. (Click)
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 Math-based Prairie Experience Module
? Enhance audience recognition of native

and non-native species.

? Enable participants to define the
importance of a prairie to prehistoric
people.

? Challenge participants to understand the
value of prairies for today’s society.

? Provide engaging hands-on activities
that enhance academic skills.

Math-based Prairie Experience Module

The four objectives of the Math-based Prairie Experience module are:

(Click)

1) Enhance audience recognition of native and non-native species. (Click)

2) Enable participants to define the importance of a prairie to prehistoric
people. (Click)

3) Challenge participants to understand the value of a restored prairie for
today’s society. The effluent stream from the Dayton water treatment
facility runs along the northern border of the front prairie while a city dump
sits atop the ridge overlooking the western border. The dense prairie roots
help to filter out contaminants before the water runoff reaches the Great
Miami River on the eastern border. (Click)

 4) Enhance participants’ academic skills in math, science, and citizenship
as outlined in the National and Ohio Academic Content Standards.

There are two math-based prairie programs for students in junior high and
high school that are offered here at SunWatch: Assess the Prairie for
grades 6-8, and a Prairie Survey for grades 9-12. (Click)
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Assess the Prairie for Grades 6-8.

Assess the Prairie for grades 6-8  is a 2-hour session. It is conducted
from July through October, when prairie grasses and forbs are in full
bloom. Students survey the prairie to assess the results of restoration
efforts. (Click)
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Species Identification

The program begins with a tour of the prairie (Click) to introduce the class
to the plants (Click), (Click) likely to be found during the survey.
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Data Collection
Junior High Survey Field Map

0 
meters
Group

1

5 
meters
Group

2

10 
meters
Group

3

20 
meters
Group

5

30 
meters
Group

7

40 
meters
Group

9

15 
meters
Group

4

25 
meters
Group

6

35 
meters
Group

8

45 
meters
Group

10

C

B

C

B

C

B

C

B

C

B

C

B

C

B

C

B

C

B

C

B

A A AAA A A AAA10 m

20 m

30 m

N

Jr. High Prairie Survey Worksheet 1

C

B

A

_

    %Grass          %Forbs                 %Big Bluestem    %Goldenrod
30 meters

     ______  + ______ =100%        _______   _______

20 meters            
      ______   +  ______=100%        _______    _______

 

10 meters       
      ______   +   ______=100%       _______               _______

0 meters

For each column add the amount of
                      A+B+C for the Total     _______      _______          _______          _______
                              Column number 1 2 3 4            

Total average percent of plants present

Column 1 _______÷ 3 = _______%  Grasses Column 3 _______÷ 3 = _______%  Big Bluestem

Column 2 _______ ÷ 3 = _______%  Forbs Column 4 _______ ÷ 3 = _______%  Goldenrod

Teams of three students each use a tape measure and
compass to set up the survey area in front of the
museum. (Click)

Each team estimates the percentage of grass vs. forbs
at 5-meter intervals in a 1-meter square along a 30-
meter transect line. (Click)
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Jr. High Prair ie Survey Worksheet 3
Pie Graph

Key

    Grasses                         Forbs

Data Analysis
Jr . High Pr air ie Survey Wor ksheet 2

Bar Graph

100 %   — 

 90 %    —

 80 %    —

 70 %    —

 60 %    —

 50 %    —

 40 %    —

 30 %    —

         
 20 %    — 

 10 %    —

Grass Forbs Big
Bluestem

Goldenrod

       Grass         Forbs   Big Bluestem         Goldenrod

                  Group  1           _______          _______         _______             ________
                  Group  2           _______          _______         _______             ________
                  Group  3           _______          _______         _______             ________
                  Group  4           _______          _______         _______             ________
                  Group  5           _______          _______         _______             ________
                  Group  6           _______          _______         _______             ________
                  Group  7           _______          _______         _______             ________
                  Group  8           _______          _______         _______             ________
                  Group  9           _______          _______         _______             ________
                  Group 10          _______          _______         _______             ________
                     
Total of group averages      ________         _______         _______             ________
Divide this answer by
the number of groups 
for the total average %        ________         _______         _______             ________

The data collected from each team (Click) is then
combined to create a bar graph to illustrate the class
assessment of the percentage of grass vs. forbs
growing in the surveyed area. (Click)

Finally, using a simple formula, they convert the
findings into a pie chart to visually represent the
relevant percentages. The information gathered by the
students is compared to previous years in order to
assess the progress in prairie restoration and possible
changes in maintenance strategies. (Click)
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Pre and Post Test
Junior  High SunWatch Prair ie Test

1. What type of prairie is being restored at SunWatch?
a. Mesic
b. Wet
c. Dry

2. What type of grass is being used to thatch the SunWatch village houses?
a. Indian grass
b. Big Bluestem
c. Eastern Gamagrass

3. Which plant was used by the Native Americans for an antibiotic to prevent
infection?
a. Black-eyed Susan
b. Purple coneflower
c. Spiderwort

4. Which plant is used today to monitor radiation at nuclear reactor sites?
a. Spiderwort
b. Queen of the Prairie
c. Butterfly weed

5. How does the above plant react when exposed to radiation?
a. Wilts and dyes
b. Flower color changes
c. Grows very tall

6. What use did the Native Americans have for Rattlesnake Master?
a. Frighten rattlesnakes away with prickly flower heads.
b. Buttons
c. A cure for diarrhea

7. Which plant contains salicylic acid, used by the Native Americans as an aspirin
substitute?
a. Milkweed
b. Indian grass
c. Queen of the prairie

8. In World War II milkweed down was used for what purpose?
a. Stuff pillows
b. Filling for life jackets
c. Cloth

9. In the 13th century, was Ohio?
a. All prairie
b. Mostly woodlands with occasional prairie pockets
c. Eastern half woodland and western half prairie

10. How much of Ohio prairies are still in existence?
a. 100%
b. 50%
c. 1%

11. How do we know there was a prairie here at SunWatch 800 years ago?
a. The Fort Ancient people told us.
b. Archaeological evidence from the excavations.
c. Written records left by the Fort Ancient people.

12. Which formula is used to convert a percent of the whole to degrees, for use in
making a pie graph?
a. a² + b² = c²
b. 3.60 x  % = °
c. ? ² =      N (ad – bc)____

(a+b)(c+d)(a+c)(b+d)

Pre and post tests given to classes participating in the
Assess the Prairie for grades 6-8 have demonstrated
on average, a 65% gain in correct responses for the
four objectives. The scores indicate a significant
increase in the audience recognition of native species,
a greater understanding of the importance of native
prairies to the first inhabitants of SunWatch, as well as
the value of a restored prairie in today’s society. (Click)
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Prairie Survey for Grades 9-12.

The Prairie Survey for grades 9-12 is a 2½-3hour
program,  also conducted during the months of July
through October. It begins with a prairie tour to acquaint
students with the plants they will be identifying during their
survey. Teams of three students use geometry skills as
well as prehistoric and modern tools to set up and map a
one-acre test area. (Click)

Students get practical experience using a GPS unit to
locate the site’s longitude, latitude, and altitude. Students
use a transit to set up an east/west transect line. The
Pythagorean theorem and “cubit” measurements are used
to establish a right angle off the transect line facing south.
Each team then uses a compass and meter tape measure
to follow the established direction 50 meters into the
prairie. (Click)
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Data Collection

N/S 
Transect Line

E/W  Transect Line

Front Prairie Survey Worksheet

Group # ________  Recorder:_____________________________________ Date: ____________________

_____m

Circle appropriate letters next to square. 

 I  -  Indian Grass

B  -  Big Bluestem Prairie Grass

BI  -  Big Bluestem & Indian Grass

 O  -  Neither  

I    B    BI    O

I    B    BI    O

I    B    BI    O

I    B    BI    O

I    B    BI    O

I    B    BI    O

I    B    BI    O

I    B    BI    O

I    B    BI    O

I    B    BI    O

5 m
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15 m

20 m

25 m

30 m

35 m

40 m

45 m

50 m

Computations are taken at 5-meter intervals along each
50-meter transect line. (Click)
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Results
SunWatch Prair ie Survey Results
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After completing the survey, each group of students
colors in the results of their survey on the chart at the
front of the classroom. This provides the class with a
visual representation of what is going on in the
surveyed area. An 8½ X11” copy of the chart is
provided for the visiting teacher to take back to the
classroom for further study/review. (Click)

The data is then combined and a chi-squared analysis
is performed to determine any statistically significant
differences in the distribution of Big Bluestem and other
grasses. (Click)
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Data Analysis
An interesting question that we might want to answer is “are there any statistically signi ficant

differences present in the distributions of the two grasses?”   To answer that question we will use a
statistical test called the “chi-squared”  test.

Doing the Math for  a Chi-Squared test:

We will be doing the special case of a 2 x 2 matrix.   Let’s first talk about the symbols we will use:

c = the Greek letter “Chi” .   Of course “Chi-squared”  would be written as “  c2 ”

Let’s let the lower case letter “a”  represent the number of green dots, that is cases where both Big Bluestem
prairie grass and Indian Grass are present.

Let’s let the lower case letter “b”  represent the number of blue dots, that is cases where Big Bluestem
prairie grass but Indian Grass is absent.

Let’s let the lower case letter “c”  represent the number of yellow dots, that is cases where Indian Grass but
Big Bluestem is absent.

Let’s let the lower case letter “d”  represent the number of red dots, that is, cases where neither Big
Bluestem prairie grass nor Indian Grass is present.

We can set up a little matrix as fol lows:

Indian Grass Present Indian Grass Absent Row Totals
Big Bluestem Present a b a + b
Big Bluestem Absent c d c + d
Column Totals a  + c b + d N = a + b + c + d

The formula we will  use for computing chi-squared is:

                                    N (ad – bc)2

c2        =        ----------------------------------------------
           (a + b)(c + d)(a + c)(b + d)

If after crunching the numbers above on a calculator, it turns out that Chi-squared is greater than or equal to
3.841, then we are 95% confident that there are statistically significant differences in the pattern of
occurrence of one grass vs. the other.

Let’s do a numer ic example of computing Chi-squared.  Our raw data is:

Bluestem plus Indian (BI) =  a  =  54
Bluestem only (BB) =  b  =  43
Indian only (I) =  c  =  82
Both Absent (O) =  d  =  21

Plugging into the matrix gives us:
Indian Grass Present Indian Grass Absent Row Totals

Big Bluestem Present 54 43 54 + 43 = 97
Big Bluestem Absent 82 21 82 + 21 = 103
Column Totals 54 + 82 = 136 43 + 21 = 64 54+43+82+21= 200

Solving for chi -squared”

                                    N (ad – bc)2

c2        =        ----------------------------------------------
           (a + b)(c + d)(a + c)(b + d)

              200 (54 ´  21  -   43 ´  82)2

         =        -----------------------------------------------
      (54 + 43)(82 + 21)(54 + 82)(43 + 21)

200 ( 1134  -  3526 )2

         =        ------------------------------------------
97 ´  103 ´  136 ́  64

              200 ( - 2392 )2

        =         ------------------------------------------
                                86961664

                           200 ´  5721664
        =         ------------------------------------------
                                86961664

1144332800
         =        ---------------------------------------

    86961664

         =       13.159

Since the computed value of chi-squared is larger than 3.841, we are 95% confident that there are
statistically significant differences in the relative distributions of the two grasses. (In fact, in this particular
case since chi-squared is larger than 10.827, we are 99.9% confident.)

This project introduces high school students to the
basics of practical, rigorous formal statistical analysis.
The chi-squared test was chosen because 1) it is a
basic technique used widely in many disciplines. 2) It is
adaptable to any number of nominal data categories to
fit the teaching example. (We use the simplified
computational form for a 2x2 matrix ) 3) The
computations can be easily and quickly done with a
basic calculator.

Interactive discussion then focuses on how the prairie
ecosystem was important to those who lived at
SunWatch in the past and how it functions today to
support our own society. (Click)
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Advanced Topics:

If, and only if, the value of Chi-squared is significant we might want to do additional statistical
computations to quantify the degree of  “association”  between the occurrence of the two grasses. One
method we might use is Cole’s Coefficient of Interspecific Association.  The value computed will always
fal l between +1 and – 1.

At the extremes, a value of +1 indicates a perfect positive association, i.e., where one grass occurs
the other always occurs.  Likewise a value of  –1 indicates a perfect negative association, i.e., where one
grass occurs the other never occurs.  A value of zero indicates no association at all, i.e., there is no way of
predicting the occurrence of one grass given the presence of the other.

The formulae to use depend on what values are bigger than other values.  If we let the symbol
“Cab”  mean “the value of Cole’s coefficient of interspecific association between species a and b”  then:

1) if ad ³  bc then use:

            ad - bc
Cab   =   ---------------------------

  (a + b) (b + d)

2) but if bc > ad and d ³  a then use:

        ad - bc
Cab   =   ---------------------------

  (a + b) (a + c)

3) but if bc > ad and a > d then use:

        ad - bc
Cab   =   ---------------------------

  (b + d) (c + d)

Since we have strong statistical significance, it makes sense to compute Cole’s Index, which we do as
follows:

Since  bc (3526)  >  ad (1134)  and   a (54) > d (21), we wil l use the 3rd form Cole’s index computation, i.e.

        ad - bc
Cab   =   ---------------------------

  (b + d) (c + d)

                54´ 21 - 43´ 82
       =   --------------------------
             (43 + 21)(82 + 21)

1134  -  3526
        =  ----------------------

64 ´   103

   -2392
        =   -----------------       @    - 0.36

    6592

The negative answer indicates that these two species tend to grow in different places rather than
together, which could imply that they tend to avoid each other.

The value of –0.36 is closer to zero than to –1, so we conclude that the “avoidance”  between the
species is not particularly strong.

Advanced Topics

If, and only if, the value of Chi-squared is significant we might
want to do additional statistical computations to quantify the
degree of  “association” between the occurrence of the two
grasses. One method we might use is Cole’s Coefficient of
Interspecific Association. If the chi-squared test reveals strong
statistical significance, it makes sense to compute Cole’s Index.
This advanced topic can be added to the program or the
worksheet can be sent back to the classroom with the teacher
as a follow-up/review activity.

The value computed will always fall between +1 and – 1.

At the extremes, a value of +1 indicates a perfect positive
association, i.e., where one grass occurs the other always
occurs.  Likewise a value of  –1 indicates a perfect negative
association, i.e., where one grass occurs the other never
occurs.  A value of zero indicates no association at all, i.e.,
there is no way of predicting the occurrence of one grass given
the presence of the other.
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Pre and Post Test
Test Questions for Senior High Prairie Survey

Correct answers are in red

1. What type of prairie is being restored at SunWatch?
a.  Mesic
b.  Wet
c.  Dry

2. In the 12th century, was Ohio?
a.  All prairie
b.  Mostly woodlands with occasional prairie pockets
c.  Eastern half woodland and western half prairie

3. How much of Ohio prairies are still in existence today?
a. 100%
b.  50%
c.  1%

4. How do we know there was a prairie here at SunWatch 800 years ago?
a.  The Fort Ancient people told us.
b.  Archaeological evidence from the excavations.
c.  Written records lef t by the Fort Ancient people.

5. a²+b²=c² is the mathematical formula for
a.  Chi-squared statistical test.
b.  Cole’ s Coefficient.
c.  Pythagorean Theorem

6.  What do the letters GPS stand for?
a.  Ground Penetrating System
b.  Global Positioning Satellite
c.  Great Prairie Survey

7. How often should you burn a prairie?
a.  Never.
b.  Every year.
c.  Every 2 - 4 years.

8. What is a cubit?
a. 1½ times the length of your foot.
b.  Length of measure from shoulder to shoulder.
c.  Length of measure from the tip of your middle finger to the tip of you elbow.

Beta Test Questions for Senior High Prairie Survey Page 2

9. Under each illustration write the common name of each grass.

Indian Grass Big Bluestem Prairie Grass
      _________________________           ________________________

 

10. Using the rulers provided, draw a line from point a perpendicular to line ab.

a______________________________________________________b

1
2

3
4

5

1 2 3 4 5

1

2

3

4

5

90°
This solution requires the use of the 
mathematical formula described in the 
Pythagorean Theorem (a² + b² = c²). 
Reduced to it’s simplest whole number 
formula is (3² + 4² = 5² or  9 + 16 =25).  
Using the rulers provided the students 
must draw a triangle with the sides 
measuring 3”, 4”, and 5” with one side 
of the triangle falling on line ab. The 
resulting triangle will produce one side 
that is perpendicular (90°) to the line ab 
as shown above.
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Academic
Standards

Math

Science

Social Studies

History

Citizenship

These prairie activities provide participants with a
tangible link in time and space to an era where an
intimate knowledge and relationship with the environment
was essential. By contributing to the restoration process,
students develop a deeper respect and understanding of
Ohio's prehistoric cultures and the value of preserving
our national heritage sites and native resources. The
hands-on activities provide engaging practical experience
that addresses President Bush’s No Child Left Behind
Act and a variety of academic content standards outlined
by the Ohio Department of Education. These include
separate indicators in Social Studies/History and
Citizenship, 6 indicators in Math, and 9 indicators in
Science education.

Social Studies

History

Citizenship

Math

Science

Academic
Standards
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