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Reflections on Miniature Golf
o make geometry meaningful, fun, and applicable to
the lives of our students, we adapted the game of
miniature golf as a way to teach transformational
geometry. Geometry textbooks often feature two-
dimensional pictures of miniature-golf holes to
illustrate transformational geometry. Geometry
students in this project actually brought the golf
holes out of the textbook by constructing a life-sized
miniature golf course. This transformational geom-
etry project was designed to address the recommen-
dation in the Curriculum and Eualuation Standqrds

for School Mathematics (NCTM 1989, 126) to in-
crease in grades 9-12 geometry classes the attention
given to these topics, among others:

. Integration across topics at all grade levels

. Coordinate and transformation approaches
o Three-dimensional geometry
. Real-world applications and modeling
. Computer-based explorations of2-D and 3-D figures

Geometry students spent approximately seven
days exploring symmetry, reflections, translations,
rotations, and dilations 0n paper in the classroom.
This activity prepared them to design and construct
their golf hole (see table l). Line symmetry helps
students understand reflections and the way
objects deflect offsurfaces. Many tools can be used
to'find the reflections of points. The compass and
straightedge are well known to geometry students.
In addition, graph paper works well for perpendicu-
Iar and parallel lines, and Miras, which are easier
to use than a compass, for reflections across a line.
Paper folding is possible with transparent paper,
and a string with a pencil attached is helpful when
circles and arcs need to be drawn and a compass is
too small. Students who are introduced to these
alternative approaches can improvise when they
are without a compass or when the compass they
have is too limiting.

Applications explored in the classroom included
minimizing materials in laying pipe or wire, making
shots in billiards, aiming lasers to hit targets, and,
of course, finding ways to make a hole in one in
miniature golf (see figs. I and 2). Making a hole in
one may be possible without banking the ball off
any wall or by using one 0r more walls. Sometimes
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TABLE 1

Unit Plan for Transformational Geometry

I. Types of symmetry-line and rotational (1 day)

IL lsometries (3 days)
A. Reflections (flips)

1. Paper folding, Miras, compass-and-straight-
edge construction

2. Notation
3. Properties

a) ltolcorrespondence
b) Collinearity
c) Betweenness
d) Distance
e) Angle measure

/) Orientation
4. Reflection-symmetric figures

B. Translations (slides)- construction and notation
C. Rotations (turns)-construction and notation

III. Dilations-scale factors and construction (1 day)

IV. Applications oftransformations (2 days)
A. Minimizingmaterials
B. Paths of billiard balls, miniature-golf balls, and

lasers
C. Enlarging and shrinking pictures and scale

models

V. Final project: Build a life-sized miniature-golf hole
(15 days)
A. Scale-drawing design
B. Determining the paths of a ball for a hole in one

when banked off one, two, three, or more walls
and displaying these paths on a poster

C. Computer-drafted design of the miniature-golf
hole
Actual construction of the miniature-golf hole
Documentation ofexpenses for each hole
In-service program by students to teachers and
students

Note: these times are approximate and may vary from class
to class.

Nancy Powell, Marh Anderson, and Stanley Winteloth
teach at Bloomington High School, Bloomington, IL
61701. Powell, the lead mathematics teacher, receiued the
1992 Presidential Award of Excellence in secondary
school mathematics teaching. Anderson, a computer-
aided drafting and design teacher (CADD), is especially
interested in architectural applications of computer-aided
drafting as well as in social issues related to education.
Winterroth, who now teaches woodworhing and drafting,
preuiousLy worhed for twenty years in construction and
industry.
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Banking the Ball off Two Walls

1 Choose the location of the hole (Il) and the
beginning position of the ball (B), Note that not
all choices will result in a possible hole in one
because of the design of the hole. lf one begins
connecting points and the points of contact do
not end up on the wall, that path is not possible
and other walls should be chosen or the place-
ment of the hole or beginning position of the ball
must be altered

2 Pick and label two walls (lI/, for the first wall to be
hit and lIz, for the second) off which to bank the
ball

3 With a compass or Mira, ref lect the hole (Il) over
wall 2 (Wr) and label the new point Il, A wall
may have to be extended to permit completion
of a reflection

4, With a compass or Mira, ref lect point Il2 over wall
1 (17,) and mark this pointll,

5 With a straightedge, draw a line to connect the
ball (B) with Il, The point of intersection between
this line and wall I is where the ball must first hit
Then connect that point of contact with I1r, The
point of intersection with wall 2 is the second
spot the ball will hit

6, Connect the hole (II) to the point of contact on
wall 2 to complete the path of the ball See the
diagram

Extension of wall 1

4ru, Hto

Fig 1

it is impossible to make a hole in one at all. When
balls are banked offtwo or more walls, composites
of reflections yield examples of translations-reflec-
tions over parallel walls - or rotations - reflections
over intersecting walls. Students worked with dila-
tions to investigate scale models and similar figures.
The scale models were an integral part of the
miniature-golf project because the geometry students
had to begin with a design that could be rescaled by
the computer. In addition, the computer scale
model served as a reference throughout all phases
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ofthe project. Students were required to convert
scale dimensions to life-sized dimensions.

When students had successfully mastered the
skills and concepts mentioned in the foregoing, the
project outgrew the mathematics classroom. Two
to four geometry students were teamed with a
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Banking the Ball off Three or More Walls

1 Choose the location of the hole (Il) and the beginning position of the ball (B).
Not all choices will result in a possible hole in one because of the design of the
hole. See f igure .1 

.

2. Pick and label two walls (I7, for the first wall to be hit, IV, for the second, W. for
the third, etc.) off which to bank the ball.

3 With a compass or Mira, reflect the hole (I1) over the last wall-wall 3 (%) in
this example-and label the new point Il.. A wall may have to be extended to
bepermit completion of a reflection

4 With a compass or Mira, ref lect point Il3 over wall 2 (Wr) and mark this point llr.
Then reflect Il, over wall 1 and mark the aew point Il,.

5 With a straightedge, draw a line to connect the ball (B) with Il, The point of
intersection between this line and wall 1 is where the ball must first hit Then
connect that point of contact with Il, The point of intersectlon with wall 2 is the
second spot the ball will hit Continue until all the walls that were chosen have
points of contact

6 Connect the hole (Il) to the point of contact on the last wall to complete the
path of the ball See the diagram.
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In the design phase/CADD laboratory clockwise from
upper left: Mark Tullier, Deana Poole,

Mark Anderson, and Larum Dean

computer-aided design and drafting (CADD) stu-
dent, and one or two wood technology students for
fifteen days to construct one hole ofminiature golf
Iarge enough to play on. Using concepts learned in
the classroom, the geometry students were in
charge of the original two-dimensional design. Each
team knew that the basic construction material
would be a four-foot-by-eight-foot sheet ofhalf-inch
plywood. The geometry students used graph paper
to guide their designs. The students had to keep in
mind that this design must allow each mathematics
student to find a unique path to make a hole in one.

The geometry students presented their original
plan to the CADD students after two days of
designing. The CADD students were in charge of
converting the sketch to two-dimensional computer
drawings (see figs. 3 and 4). During three days of
consultations in the CADD laboratory among the
engineers (geometry students), the architects
(CADD students), and the technicians (wood-tech

students), computer drawings were generated using
the AutoCAD software program. CADD students
drew and explained the multiview construction
drawings to their teams. Three principal views of
each miniature-golf hole were made-top, front,
and right side-which is called the orthographic
projection method in drafting. Details of the corner
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joints were added and scaled to twice their actual
size. After each view was drawn, it was dimen-
sioned according to scale. Some drawings included
hole-in-one paths expressed by dotted lines on the
drawing. Modifications were made to the design

throughout the consultations. Teams found that
structures needed to be altered because of material
and structural limitations, the feasibility of making
a hole in one, and additional skills needed for the
actual construction. As the designs were modified,
changes were easily made on the CADD system and

new printouts were generated.
After the computer-drafted designs were com-

pleted, the groups created a materials list with the

ln the wood{ech laboratory laying out the design-left to
right: Deana Poole, Jason Woods, Larum Dean,

and Stan Winterroth

help ofthe teachers. Each team started with a four-
foot-by-eight-foot sheet of half-inch plywood. For
the railings, most groups chose to use lumber in
one ofthese sizes: one-by-four ifthe hole was to sii
directly on the floor or one-by-ten if the hole was to
be elevated to allow for any special features. Each
group ordered three ten-foot lengths ofrailing to
allow for the outside corners. Any special features,
such as bridges, ramps, multilevel supports, and
sand or water hazards, and any other obstacles also
had to be taken into consideration when the mate-
rials were ordered. Since one ofthe teachers was



also a metals teacher, students were allowed to
subcontract any metal work to metals students.
Specifications for the metal work for the construc-
tion of hills, bridges, and water hazards were made
by each team.

Teams were then given their lumber and an addi-
tional budget of $20 for each hole that they could
use to add such extras to their holes as carpeting or
Astroturf, glue for the carpet, additional design fea-
tures, paint, sand, flags, and goldfish. Money for
this project came from a Pioneering Partners for
Educational Technolory grant.l The budget forced
students to become more resourceful and limited
the inequity caused by possible economic differ-
ences. Any additional material donated by local
businesses had to be documented by the donor.
These records were submitted along with the out-
of-pocket expenses for each hole, although dona-
tions were not charged against the team's budget.
By involving businesses, students formed partner-
ships between education and the community. The
average total price for each hole was $Sb, which
included wood, budgeted items, and donations.

Each geometry student also created at least one
poster featuring scale drawings of his or her team,s
hole and a minimum of three unique hole-in-one
paths. Each path was color coded to match markings
that the teams put on the railings of their golf holes.
The drawings on the poster and the markings on
the railings allowed players to be miniature-golf
pros by following the paths to get a hole in one.

The project was videotaped from beginning to end
not only to monitor progress but also to allow stu-
dents to talk about what they were doing and learn-
ing. Each hole built turned out to be structurally
sound and exciting to play. Wood-tech and drafting
students learned geometric principles and theorems,
but more than mathematics was shared. Geometry

in teams, a skill identified by businesses as a priori-
ty for success in the workplace.
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At the open house-left to right: Alex Siron,
Nancy Powell, Tyron Smith, Senator paul Simon,

Liz Leifel, a representative from GTE, and Danny Wilson
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Fig 3
Plan of a miniature-golf hole drawn by a CADD student

Students wrote an article for the school newspaper,
prepared a golfing brochure that described each
hole and its special features, and displayed their
holes at the school's open house. Parents and stu-
dents were invited to come an hour early to play. A
local miniature-golf business loaned putters and
balls. When the open house was over, the golf holes
were moved to the library for the rest of the week
so students could play. Special-education students
came to play and to learn some geometry with
their teachers. The librarian commented that a

rPioneering 
Partners for Educational Technology. Grant given by GTE

North and the Council ofGreat Lakes Governors, available to educators
in the states that border one ofthe Great Lakes. For information, contact
Brian Crossley, Mail Code INAMJZ, 19845, U.S. 31 North, p.O. Box 407,
Westfield, IN 46074.
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Fig 4
Another plan of a miniature-golf hole drawn by a CADD student

line ofstudents waited to play before school,

throughout the day, and even after school. She was
surprised to hear so much mathematics being dis-
cussed.

When the first set of golf holes was finished, ele-
mentary schools in the district were notified and
asked if they would Iike to have a golf hole for their
school. Teachers were offered golfholes and a
miniature-golf-transformational geometry in-service
program using Miras and paper-folding techniques.
The students and the geometry teacher ran the
workshops. The in-service programs are being con-

tinually scheduled, and a booklet is being developed

to go with each hole-"Math on a Golf Hole." The

high school athletic director and the physical edu-

cation department have received the second set of
holes to enhance their adaptive physical education
program for handicapped students. We are looking
forward to continuing this project. Many groups

have shown an interest in obtaining holes for their
programs; parks and recreation departments, chil-
dren's hospitals, and elementary schools in our dis-

trict and in other districts would like one 0r more
holes.
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If funding or equipment to build a life-sized
course is unavailable, teachers do not have to aban_
don this project. Another option is possible. Stu-
dents can construct a three-dimensional scale
model of a nine-hole miniature golf course, com-
plete with hazards and design features. individual
students or student teams can design-with or
without the CADD technology-each hole with
paths to show where a player must aim the ball to
make a hole in one. Require three different paths
for each hole: the ball must bank off one wall, two
walls, and three or more walis to make the hole in
one. In geometry classes, this option can be com_
pleted by students outside ofclass time after the
initial instruction is given. For further information,
see Powell (1990).
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