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mathematics,

increase interest and knowledge about scientific work,
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range of mathematics topics which require estimating, guessing,
predicting, and creating mathematical or physical models. In

addition,

the subject of women in scientific and technical careers is
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skill areas presented as well as an approximate grade level guide for

the activities.
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Solving Problems of Access to Carcers in Engineering and Science
—SPACES —is a collection of activities designed to: stimulate
students’ thinking about scientific careers, develop problem
solving skills, promote positive attitudes toward the study of
mathematics, increase interest and knowledge about scientific
work, strengthen  spatial  visualization  skills, and  introduce
language and familiarity with mechanical tools.

These activities are a natural development from carlier work at
the Lawrence Hall of Science (University of California, Berkeley).
First came “Math for Girls,” a course established in 1974 to in-
crease the participation of six- to twelve-year-old girls in after-
school mathematics courses offered at the Hall. The need for
such a class arose from the recognition that college women were
~ntering the University of California inadequately prepared in
mathematics and were consequently unable to enter a4 majority
of undergraduate majors that depended upon a minimum of
three years of high schiool mathematics. In addition, girls repre-
sented less than 25% of students participating in math and
science classes at the Hall, affirming our suspicions that the attri-
tion of young women from mathematics begins at a very young
age. Since 1974, nearly 1,000 girls have taken the course and the
enrollment of girls in classes other than Math for Girls has risen to
38%. A book detailing the curriculum (Math for Giris and Other
Problem Solvers) is available from the Lawrence Hall of Science.

In 1977, the Lawrence Hall established the EQUALS Teacher
Education Program to assist classroom teachers, counselors, and
administrators in attracting and retaining girls and young women
in mathematics courses, thereby better preparing them to con-
sider entering math-based fields of study and work.

In California, 1,500 educators have received from 10 to
30 hours of inservice instruction and another 2,000 educ:.tors in
25 other states have participated in the program. The publica-
tion, Use EQUALS to Promote the Participation of Women in

- Mathematics, details the inservice training and provides descrip-
tions of many classroom activities. -

Evaluation data indicate that, in secondary schools in which
EQUALS has been working for two or more years, there is aslow,
but steady, increase in the number of young women inadvanced
mathematics classes. Further, students of teachers participating in
EQUALS demonstrate improved attitudes toward the-study of
mathematics and increased interest in math-related occupations.

Based upon the effectiveness of EQUALS and because of a
large number of requests from educators for more classroom
materials, we received a grant in 1979 from the National Science

" Foundation to develop classroom materials for grades four
through ten that strengthen problem solving skills and increase
students’ awareness of the relationship of problem solving to
scientific careers. Another important goal was to help students
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become aware of the appropriateness of women'’s participation
in science and to encourage older students to consider a science
career as an option for themselves.

The SPACES activities were evaluated in nine California sites.
Fourth- through tenth-grade students who used the SPACES
materials made significant improvements, over a comparison
group, on problem solving and spatial visualization abilities; on
career interest and knowledge; and on identification of mechan-
ical tools. These results indicate that we have accomplished what
we set out to do, and the materials are now yours to usc and
adapt for your own purposes.

We are grateful to all of the people on the title page for contrib-
uting to the development and production of this project. We
would also like <0 acknowledge the superb cooperation we re-
ceived from our field site coordinators who supervised the test-
ing of the materials and provided us with information to make
revisions: Steve Abensohn and Kris Shaff, San Francisco Unified
School District; Virginia Austin, Mt. Diablo Unified School Dis-
trict; Beverleen Clark, Sacramento City Unified School District;
Roberta Davis, Oakland Unified School District; Delpha Fliegel
and Vanessa Fujimoto, Richmond Unified School District; Nancy
Hays, Berkeley Unified School District; Alice Kaseberg, Eugene
(Oregon) Public Schools; Margaret Schuler, San Juan Unified
School District; Molly Whiteley, Napa Unified School District;
and the Novato Unified School District.

Nancy Kreinberg, Director

Math and Science Education for Women
Lawrence Hall of Science

April 1982
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SPACES is designed to involve students in a range of mathematics
topics #ad to give them experience in developing logical rea-
soning and problem solving skills. The organizational chart on
page -« sets forth both the content and skill areas preseated, as
well as an approximate grade level guide,

You will find that your students will have an opportunity to
collect and organize their own data and to learn more about oc-
cupations that have not been tracitionally pursued by young
women. They will also become involved in estimating, guessing,
predicting, and creating mathematical or physical models —all of
which are components of the scientific process.

Grade Levels

Although approximate grade levels are indicated in the orgamza-
tional chart, the activitics may be adapted or used as they are fora
variety of grade levels and with all students. The information and
skill development are equally useful for young men and women.

Organizational Categories

The categories into which the activitics have been divided are:
¢ Design and Construction

¢ Visualization

¢ Tool Activities

e Attitudes and Personal Goals

¢ Job Requirements and Descriptions

¢ Women in Careers

Design and Construction

Planning ahead, visualizing different uses of space and materials,
making model representations, working in groups—all of these
are essential skills for most scientific or technical careers. In these
activities, students explore architecture, engineering, drafting,
and other occupations by designing and doing either alayoutora
model of a room, a veterinarian’s office, a park, a tower, or a
marble shooter.

Visualization

Solutions to problems often are found through pictorial repre-
sentations or through the construction. of three-dimensional
models. Sometimes, however, models cannot be constructed, in
which case, the ability to analytically examine a visual rgpresenta-
tion of the problem is necessary. To develop this ability, students
are given optical illusion surveys, flowcharting, attribute sorting,
and measurement activities. !
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Tool Activities

These activitics address the necd of most temale students to learn
about the use of standard tools, The series includes vocabulary
lists, sorting tools according to use, filling story blanks, and con-
struction application simulations, "To use these activities most
cttectively, it would be important for students to be able to see,
feel, and use real tools. Field trips to construction sites and hard-
ware stores, and classroom visits by tool-carrying role models,
would be a valuable introduction or follow-up to the activitics.

Attitudes and Personal Goals

In this section, students are given an opportunity to explore their
feelings about mathematics and some of the careers in which
they may be interested, while they develop problem solving
skills. An example is Typical Day: Students describe their ideas
about a typical day in the life of an adult in a specific job. Follow-
ing this, they interview an adult who holds that job, to sce
whether their impressions match the facts. in another activity,
students are asked to estimate the length of their own working
life, as well as other events they imagine in their futures.

Job Requirer ents and Descriptions

This group of activities provides a variety of ways for the teacher
to inform students about careers. Using definitions of math-based
occupations, statistics about the mathematics required for entry
into certain jobs, information atout mathematics used on jobs.
and a questionnaire about engineering characteristics, students
become aware of the importance of mathematics to their future.

Women in Careers

Traditionally, young women assume that only men work in occu-
pations such as science and engineering. The activities in this
section present two kinds of information: histories of women
who have pioneered in scientific and technical fields, and sta-
tistics showing how few women are presently in many of the
occupations. The activities will help students understand the im-
portance of taking as much mathematics as possible.

We would appreciate your comments about the activities and
suggestions for future materials. Please contact us at:

SPACES

Lawrence Hall of Science
University of California
Berkeley, CA 94720
(415) 642-1823

1y
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DESIGN AND
CONSTRUCTION

Lots of Room

Build the Highest Tower
Design a Veterinarian’s Office
Marble Shoot

Environmental Engineering

11




Lots of Room
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Estimating, measuring, drawing and making a three-dimensional
model of their classroom give students a feel for skills related to
architecture.

Preparation:

Tuape four sheets of 2-cm paper together o mike one 17 x 22 em
picce tor cach group.
\( —z20m — M_)*

oeNg ‘ +- vy ”T

Directions:

Introduce careers that involve drawing and making models of
rooms. Some of the occupations that might be mentioned are
architect, drafter, decorator, engineer, and carpenter.

Estimate dimensic - the classroom. With the whole group,
estimate in meters Lo onsch, width, and height of the room.
Record on the chalkbo.ra the guesses students make for cach of
these dimensions.

Measure the room. Divide students into small groups and give
cach group a meter stick, pencil, and paper. Have each group
measure the length, width, and height of the classroom to the
nearest meter. Groups will need to check measurements with
each other. They will need to re-measure if they do not agree.
Write the measurements on the chalkboard next to the estimates.

ERIC

= 12

Skills

Letimating

Metric measuring
Scale drawing
Constructing a model

Time
o -2 class periods

Participants
o Groups of 3=5 students

Materials

Meter sticks

2-cm graph paper
Masking tape
Scissors

Pencils
Chalkboard

9




Make a three-dimensional model of the room.- Give each
group a large sheet of 2-cm graph paper. Each 2-cm on the graph
paper will represent one meter in the room.-Have each group lay
out the length and width of the room near the center of the sheet
of graph paper. Now they need to measure the height “up” the
walls. Once the dimensions are drawn, the group can cut out
their rodel of the room.

Add details. Each group can add doors, windows, and other
features and decorate it as they wish. They may wish to fold up
the walls without taping them yet, to see where the doors,
windows, and wall decorations should go. ‘

Fold up the walls of the room and tape them together. Have
students find the areas of each wall and of the floor.- What is the
area of the ceiling?

S g

Note: If the floor and walls of the classroom are not rectangular,
make a model of a room in the building that is rectangular.

Extensions:

1) Estimate the volume of the room. Have the students guess the
number of 2-cm cubes necessary to fill their model Record the

guesses on the chalkboard.

2) Give each group a set of 2-cm cubes to check their guess.
Point out the relationship between the number oflayers of cubes,
the number in each layer, and the volume.

13
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Bulld the nghest Tower

Skills
® Brainstorming
¢ Cooperating

Time
® | class period

Participants
* Groups of 2—4 students

- Materials

81" x 11" paper
* Paper clips
Scissors

Masking tape
Marking pen

Students explore creative problem solving by using non-tradi-
tional materials to build a structure. The’challenge is to build the |
highest tower using these matenals X .

7_ﬁ-hl5i%iiaration T e S 1
1) Divide the materials into sets consisting of:

2 pieces of paper
10 paper clips

« pair of scissors




2) Applv astrip of masking tape to a wall or door jamb starting at
the flou: and extending up about 5 feet’ This will be used to
compare the heights »f the towers.

Directions:

Give these directions to the students:

¢ Only the materials provided may be used in building your
tower.

® The towers must be free-standing. They may not lean agamst
the wall or be held up.

e Towers must be brought to the tape on the wall for measuring.
This means they will have to be transportable or easy to rebuild
at the measuring site.

Divide the students into groups and assign a working area for
each group of students. Distribute sets of materials and let the
students start building.

Some questions may arise, such as, “Can we tear the paper?”
or “Can the scissors be part of the structure?” The best response
is to repeat the beginning instructions, without giving further
information. The intent is to minimize instructions so students
will be encouraged to invent innovative ways to build the tower.

towers to the measuring site. Write the initials or names of stu-
dents beside their tower’s mark on the tape.

When all towers have been measured, announce the winners.
You may want to discuss with the class some of the successful or
not-so-successful strategies used to holc the towers together and

upright.

Extensions:

Allow time for experimentation. Give the students 15 minutes to
experiment with scratch paper before they actually begin
bunldmg their tower.

As paits of students finish-their structures; have thembring the ™

a

13



Skills

"~ o Metric measuring

* Istimating

e Visualizing spatial
relationships

* Scale drawing

° Flowchart reading

Time
® 2-3 class periods

Participants
e Individual

- Materials

* Meter sticks or tapes

® Scissors «

& Scotch tape

o Worksheets I and 11, 1 of
each for every student

o 2-cm graph paper

STSO1Z

In designing a veterinarian’s office, the students address prob-
lems faced by architects and engineers. Visualizing a fixed area
based on classroom size lends reality to this spatial activity.

Directions:

Discuss the occupation of veterinarian with students. Have they
ever visited a veterinarian’s office? Do they know how a person
becomes a veterinarian? Is there a difference between veterinar-
ians who take care of large animals and those who take care of
small animals?

Tell the students that their task will be to desngn an ofﬁce fora
veterinarian. The office space will be about the same size as their
classroom. They will be glven a list of €quipment to be used in
the office.

Give the students deﬁnmons of scale drawing and floor plan.
A scale drawing shows the shape of something but in a different
size. A map of California is a scale drawing. It shows the shape of
California but is scaled down to a smaller size. The scale is always
given: for instance, 1 inch could equal 100 miles. A floor plan is a
scale drawing of a2 room seen from above.

-
g

11t
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Show the students how to use grapli paper to estimate the .

sizes of the equipment: ,

On a chalkboard or overhead projector, draw 2-cm graph
paper lines as a guide for scale. Let each square represent
Im xlrn. : .

If a square is divided into 4 equal squares, the resulting little
squares would be 2m x %2 m (or 0.5m x 0.5m).

If the new little squares were divided into 4 equal squares, the
new tiny squares would be % m x % m (or 0.25m x 0.25m).

.' o15m ]

With this knowledge, the students can estimate very closely
the size of scaled-down equipment. o

Distribute copies of Worksheet I and do the practice scale
drawing with the students. Keep the worksheet to use in the
design of the veterinarian’s office. (This is a good breaking point
if you want to take more than one day to do the activity.) .

Distribute copies of Worksheet II and 2-cm graph paper so the
students can begin designing the office. '

Extensioné:

1) Using powdered chalk or white flour, lay out one of two plans
to scale on the school grounds. Have students walk through the
plans and critique the designs based on practicality.

2) Arrange 4 field trip to a veterinarian’s office or schedule a
veterinarian as a guest speaker. This is an opportunity to use a
female role model.

J— S

3) Research the requirements for careers in engineering, archi-
tecture, and veterinary medicine. Possible resources are college
catalogs and the Occupational Outlook Handbook. s

e

15



Worksheet I

Use the diagrams above to help you shade in and label the
following equipment on the grid at left:

1. Refrigerator (0.7m x 0.8m) 4. Work counter (3m x 0.6m)

2. Sink (0.8m x 0.6m) 5. Desk (1.lm x 0.75m)
3. Examination table 6. File cabinet (0.5m x 0.7m)
(0.8m x 1.5m)

PRACTICE SCALE FLOOR PLAN

Design a laundry room in
the space shown at right.
First draw a floor plan,
then shade in the washer,
dryer, folding tzble, and
laundry basket (circular).

1. Washer {Im X 1m) _ -
2. Dryer (lim x 1m)
. . 3. Folding, table
—_ (L.3m » 0.6m)
4. Lavndry basket
(0.8m diamerer)

13




! DESIGN A VETERINARIAN’S OFFICE

A young veterindrian is just beginning practice. By a
strange coincidence she has rented office space exactly
the same size as your classroom! She has leased (rented)
equipment needed to start her veterinary practice. She
needs your help! Please design her office.

EQUIPMENT LIST
Item Size
Couch : 0.8m X 2.2m
Desk -~ 1.Im x 0.75m
3 Chairs , 0.4m x 0.5m (each)
File cabinet 0.5m x 0.7m
2 Pottea plants 0.4m diameter (each)
Examination table Im x 2m
Examination table 0.8m x 1.5m
Sink _ 0.8m X 0.6m
Work counter 3m x 0.6m
Refrigerator . 0.7m x 0.8m
Garbage can 0.6m diameter
6 Steel cages for 1.2m x 0.9m
for animals

Note: The cages are 0.8m high and can be stacked tc
the ceiling. If the height of the ceiling in the vet’s office
is the same as in the classroom, how many cages can be
put in one stack?

You can supply additional storage or equipment.

oo
C

Name:

“Worksheet IF

C S {ART )
{

MEASURE, to the nearest

meter, the length and width of

classroom.
}

DRAW the floor plan of the
room on the 2cm graph paper.
Use the scale: 2cm = Im.

!
DRAW the outline of each
piece of equipment on 2cm

graph paper.

i
WRITE the name of each piece
of equipment on its outline.

CUT OUT and shade equip-
ment pieces.

)4

i L 4
ARRANGE the equipment
pieces on the floor plan. Draw
in more walls if you wish.

~ YOU HAVE

A WORKABLE
ARRANGEMENT FOR THE

VETERINARIAN
?

NO

TAPE equipment on floor -
plan.

DRAW in doors. Use this
symbol: — LJ
t

DRAW in windows. Use this
symbol: a———j=

SIGN your name in the lower
right hand corner of the floor
plan. '

C S’I‘;OP ) |
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Skills

o Ccoperating with other<

¢ Identifying trajectory
action (catapult, lever,
slingshot)

Time -
* 2 class periods

Participants
* Groups of 2 or 3 students

Materials

(For each group of students)
* 2 rubber bands

4 tongue depressors

5 thumb tacks

1 marble

4 feet of string

5 paper clips |

5 straight pins

1 rubber eraser

10 straws

1 styrofoam or plastic cup

Students use “junk’’ materials to build an instrument for shooting
marbles or othc: small objects. This engineering problem is
solved by experimenting with the physical properties of the
materials and trying out different ideas.

Preparation:

1) Materials for each group may be pre-assembled in a large en-
velope, but the envelope may not be used as part of the shooter.
Make sure all sets of materials are equal. For example, each
group’s rubber bands should be the same size, all straws should
be the same length, etc.

2) Set up the launching pad, which may be:

e the surface of an upside down cardboard box,
® 3 line drawn on the sidewalk, or

¢ a book on the floor.

Directi_bns:

~ The students work together in groups of two or three to see who
can build the most effective marble shooter. During the first
class period you may want to briefly discuss with students some
different ways to move objects through the air.

19
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Read these directions to the students:
¢ Only the materials provided may be used.
® Scissors may be useql to alter materials but not as part of the
shooter.
e Operators may place shooters behind, cn top of, or beside,
but not in front of the launch pad. The shooter must touch the

Jaunch pad.

® When the machine is operated, the hand of the operator may
go down or backward, but may not use a forward motion, nor
move in the direction of flow of the marble (in other words, you
can’t throw the marble).

Distribute materials to the groups. Structures may be built
during one class period and’put into a safe place until the next
class period. -

During the second ciass period hold the Marble Shoot.

Set up the launching pad and give the following directions to
the students:
® As each marble is shot, measure from the launch pad to the
landing spot of the marble and mark the distance. (If the
launching is held outdoors, straws with identifying flags can be

stuck into the grass or dirt to mark each marble’s landing spot. If

indoors, masking tape can label the landing spots.)

e Members of the class may line up on the side of the landing
strip to locate the landing spot since the marbles will roll after
landing. The landing spot is the point where the marble first hits
the ground.

¢ Each group will be allowed to shoot twice.

¢ A record will be kept of each group’s best shot.

\
\

\

W

\
DAY @
i\

Extensions:
1) Make a graph of the distances.

2) Find the average of the distances of all shots.

3) Classify the shooters by the type of action, such as catapult,
slingshot, lever. Find the average distance for each of those cate-
gories. Make a graph. ‘

4) Allow students to redesign and perfect their machines. Have

students make up a new list of possible materials for cach group
to use. ‘ ‘
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Envmonmental Engineering

HEGTRHZ 667300
Planning ahead, considering use of space, working in groups, Skills
and making models are essential career skills. In this activity, the * Organizing information
students explore architecture, engineering, and city planning * Visualizing
through designing an environmental park in small groups. * Group decision making
* Using models
Preparation: ¢ Estimating
1) Plan for student groups of three to four. * Comp uting
® Scale drawing
2) Cut one sheet of butcher paper for each group.
pap group Time

3) Duplicate student worksheets— one copy for each group. * 2-3 class pertods

Directions: Participants
) i ® Groups of 3 or 4 students
With the whole class, brainstorm a list of features they like in .
parks. You may want to talk about features other groups of Matericls
people like— for example, what is needed for very small chil- e Butcher paper cut to
dren? What about older people? ’ 3 x 2
Present the problem. The size of the proposed park is 300 ft. e Rulers
by 200 ft. Compare this to some known landmark such as the  Paper— plain or colored
school yard or a football field. Emphasize the difference between e Crayons and felt pens
the required features (i.e. natural features: a hill and trees) and the o Scissors .
optional features. e Tape or glue
Put students in groups. Tables are helpful, but students may e Copies of student work-
- also work on the floor. sheets I and II for younger
Distribute worksheets and materials. students
Set a time limit for the students to come up with a plan they e Copies of student work-
like and to draw these plans on paper. They may need to modify sheets Il and III for older
the designs to keep the total budget below the $5,000 limit. students (7th grade and
Allow each team 3-5 minutes to present their design and budget above)
to the class at the end of the activity.
Extensions: Lotbatl,
Auld

1) Take a field trip to a nearby park and sketch its layout.
2) Redesign the school playground. |

3) Have students draw a park exactly to scale.

4) Make a three-dimensional model of the park.

5) Research the actual cost of materials and equipment to build
your environmental park.

21

21



~ ® astream

Worksheet I

ENVIRONMENTAL ENGINEERING

Let's assume that your town is going to change a vacant block into an environmental park and 85,000
has been set aside to develop it. The people of the town will do the work. Your class has been asked to
design the park. Since the park will be for the whole community, vou will need to include features that
will be enjoved by voung children and adults, as well ¢s by people vour own age.

The vacant block:

The block is 300 feet by 200 fect.
It has:

® 1 hill
® two trees—one big and one little

These features must be used, but .
you decide where to put them in
your design.

Your park:

Follow the steps listed below in making your design on butcher paper.
1. Write down materials and equipment (such as picnic tables) you want in your park.
2. Star (*) your favorite features on the list.

3. Look up prices for your matcrials. (See Worksheet I1.) Remember that you get a hill and two trees
free. If any items arc not on the list, ask your teacher a way to find out the cost.

4. Draw in the natural hill, two trees, and the stream.

5. On a'separate piecc of paper, draw a picture of each feature and picce of equipment; cut out
your pictures.

6. Experiment on the butcher paper with ways to arrange che features and equipment you want.

7. Find a layout or design you like that fits on the paper and costs ne more than $5,000. Glue
it down.

8. Present your design to the class.
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Worksheet I1

COST OF MATERIALS AND EQUIPMENT

Total
Cost  Unit Quantity  Cost

Rope .. ... oo $1 per 107

. I;nd\s I $] c;lCh
Sand s et |
" Steppingstones . ..................|  $5 | cch Sl
Plantsandsheubs oo 810 | een ||
 Trashbarrels $10 | e ||
h Benches (O '_l(—);f;;) .................... $15 cac;{ I
Old tclephon;—};(—)‘l;sd(_l_(;’hl.(_;ng) .......... $25 each
Wire fencing (6’ high). . .. ....... [RRRES $30 gntrggl?c&m
Asphalt pavement (4’ wide) ............ $40 gicrll'gl })L&m
Picnic tables with twobenches .. .. .. ... $50 cach
Community garden plot and seedlings . . . . $50 10’ x 10’

. Small ... $20 | cach
Animals Large ... .... R $100 cach

Drinking fountains. .. ................ $75 cach

Pond ........ ... .. . . . . . $100 each

Playground equipment . .............. $100 per item

Bikeracks .. ... . .. e §150 cach

Barbeques .. ... $150 cach

Streetlights . .. ... .. ool $250 each

Publictelescope ... oo $300 cach

Stage (20'square) ... $300 cach |

Bathrooms (one each, men and women). . . $350 pair

Bleachers (grandstand) . .. ... ... ... .. $750 cach

Bridge . ......... . . o $1000 cach

Other(list) .. ... .. i, $

$

.TOTAL COST: $
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'ENVIRONMENTAL ENGINEERING ' Worksheet III

Spring Valley School District has decided to develop some of its land as an environmental park. Your
engineering team has been asked to submit a proposal for the development of this land. Consider the
following criteria when developing your plan:

Versatility: Aesthetics:
® Is the park suitable for people of all ages? ® |5 the design pleasing?
* Can the park be used at night as well as during the day? ~ ® Would people of all ages enjoy the park?
®[s . in all seqasons?
. :: [tll]’::rltjzdzrlkv:zjf(iccfurlzllr:lgill(:feZ:Z(t)i??iies available within the Cost Effectiveness:
park? > ® Was the money wel} spen;?

’ e Is energy used efficiently in the park?
Safety:
® How safe is the design for young and old users?
¢ Are there any possible hazards?

Innovation:
® |5 the design unusual?
® Are materials used in new and interesting ways?

Your team will choose « draftsperson, a finance officer, an engineer, and a public relations person. The
major responsibilities will be: ‘

Draftsperson: Draws design to scale and displays the ~ Public Relations Person: Keeps track of special fea-
finished design. tures of the design and presents the team proposal. Pre-
pares a five-sentence written summary of the proposal

Engineer: Responsibile for design and safety. pointing out why this plan should be chosen over others.

Finance Officer: Keeps track of and presents the
budget. -

The Problem

The area is 300 feet long and 200 feet wide (approximately the length of a football field and 1%z times
as wide). The size of paper that you will use for your design is approximately 3’ by 2" The area has the
following natural features which must be included:

® 5 trees
® 1 hill .
® an outcropping of rocks
® | stream

Your team decides where to put these natural features in your design. Worksheet II lists some possible
materials and costs for the development of the land. You are free to use as much or as little of these as
you wish. If you wish to use something that is not on the materials and equipment list, check with
your teacher on whether the item is appropriate for an environmental park and what is the approxi-
mate cost. You have a budget ¢! $5,000. :

24
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VISUALIZATION
The Traveling Engineer

| ~ Sorting Circles

o Flowcharting

It's All In How You Look At It

23



Skills

® Metric measuring

e Drawing lines of a given
length

* Map reading

Time
e 30 minutes

Participants
* Groups of 2 or 3 students
(4 .

i \\\\‘“\‘)\ : Materials

X * [ copy of Map Board for
each student

* 1 metric ruler for each
student .

* [ die for each group of 2 or
3 students

The students use metric measurement to “visit” cities across the
United States, simulating the travels of an engineer.

| Directions:

Explain to the students that they are going to play a game in -
which they will pretend to be engineers who have to doa lo.t of
“taveling. They will be flying from city to city across the United
.ates. ' ' o
Divide the class into groups of 2 or 3 students, and distribute
materials. Give the game rules as follows: o
® Each player draws on his or her own Map Bqard.
® Each player in 2 group starts at a different city on the West -
Coast (Seattle, San Francisco, or Los Angeles): . . .
* The object of the game is to visit as many citi€s as possible on
the way to the East Coast. o
® Players take turns rolling the die and drawing lines. The num-
ber on the die tells how many centimeters the player can travel
on that turn. B . .
® On each turn, the player measures and draws a straight line
~ from the point where she or he landed on the last turn, to a new
city that is as many centimeters away as the number on the die.

25
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The player must land within the. ring around the city, which is

~about 2 cm in diameter. If no city is within the proper range, the
player loses that turn. For example: If the player who is at City A" -
rolls 2 5, he or she could travel from City A to City C, but not to
City B, which is too close, or to City D, which is too faraway. (It
is helpful to demonstrate this on the chalkboard.)

¢ Continue play until one player reaches Boston, New York, or
Washington, D.C. The winner is the player who goes to the most
cities without returning to any city already visited. Destination
cities are shaded. ;

Optional rules or suggestions:
® You may (or may not) cross your path.
® You may start anywhere in each circle rather than from land-
ing point.
® You may (or may not). tum corners on a smgle measurement.
* End the game after 15 turns.

©

Extensions:
1) Use a larger classtoom map.

2) Add new cities, especially the city where your school is
located.

3) Have several players use colored crayons and play on the
same board.

4) Use a large map of your own state and make your own map
board.
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Sortmg C1rcles

Skills .

® Recognizing characteristics
o Organizing information

® Logical reasoning

Time
® [ class period

Participants
® Groups of 2 students

Materials
e Copies of worksheets 1, 11,

I and IV: one of each for

each pair of students. If
this is difficult, the
diagrams may be drawn
on the chalkboard and
directions given verbally.

This activity uses logical reasoning:to classify objects according
to important properties. Problems such as these often appear in
college-level aptitude or achievement tests. '

Directions:

Discuss with the students the usefulness of sorting and of classifi-
cation systems. Some examples to mention are sorting mall by .
destination and identifying fossils by teeth.

Introduce “Sorting Circles” by drawing one large circle on the

“chalkboard. Label it “Things to Eat.” Names of items that can be

eaten belong inside this circle: everything else belongs outside
the circle.

Inside the circle write the names of foods suggested by
students. Ask where the word “spoon” would belong (outside
the circle). _— -

Draw another circle and label it “utensils.” Spoon would be-
long in this circle. What else can be in this circle with the spoon?
What belongs outside?

When students understand the idea of items belonging or not
bélonging in a given circle, introduce another kind of arrange-
ment. Draw a large circle with a smaller circle inside. Everything
that belongs in the inner circle also belongs in the larger circle.

With the students, identify some categories for the two circles.
For example, fruit could go in the outer circle with berries in the
inner circle. Are all berries fruits? Are all fruits berries? What
would go in the outer Eircle but not in tne inner circle?
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Discuss the difference between the categories (circle labels)
and the items that go into the categories. Worksheet I has cate-
gories in place and items are to be sorted. The other worksheets
ask students to designate categories for a variety of circle ar-
rangements.

Give each pair of students a copy of the worksheets. En-

courage them to discuss the possible arrangements of each prob-
lem with each other. -

Extensions:

If classifying objects is new to students, set up a learning center
or class activity with physical sorting of buttons, keys, or other
items in the classroom. These items can be sorted by attributes
such as size, color, shape, or other easily seen characteristics.

References:

Marolda, Maria. Attribute Games and Activities, 1976. Creative
Publications, P.O. Box 10328, Palo Alto, CA 94303.

MGGTS00Z3AGGTS0 2 6 TSNEZ MGGTRZL 6780

29



SORTING CIRCLES -

If you want to sort the buttons in a sewing kit
into white ones and red ones, you might nuike
two circles like this. Label one “white” and
one “red”

But then a button shows up that is partly red
and partly white. 'So perhaps you could move
the two circles together like this:

The next thing you know there are some green
and purple buttons! We need a third circle for all
those other colors. Label it “other colors.”

Where would these buttons go: into section A,
section B, or section C?

* A white and green button?

® A red and purple button? ______

¢ A red, white, and orange button?

Name:

Worksheet I

Which letter is in each space?

® Whiteonly ____
®Redonly ___
® No white and no red
® White and red only
® White and red and at least 1 other color
® White and at least 1 other color, but no
red
® Red and at least 1 other color, but no
white




Name:

SORTING CIRCLES . '/ ' . Worksheet II

Ttvo Sorting Circles

Here are some ways to arrange two sorting circles. Beside cach arrangement is a list of words. Use
these words to labet the cireles and rectungle.

N ] animals
s
clephants
— 1 bikers
joggers
people
paperbacks
books
things to read

Match each list below with an arrangement of circles that fits. Label each circle and rectangle.

e aunts, uncles, relatives
* soccer players, basketball players, athletes
 animals, birds, robins




Name:

SORTING CIRCLES Worksheet I1I

Three Sorting Circles

There are many ways to arrange three sorting circles. We have shown below some of these arrange-
ments. Beside cach group of cireles is a list, Think about the items on the list and write cach in the
circle or rectangle where vou think it belongs.

Here are some questions to ask voursedt:

* Which is the biggest group? math

* Which is the smallest group? papers

* Is there a group that will include part of homework
the others? playing

e Is there a group that will include ail of softball
the others?

* Which groups belong together?
* Is there a group that has no connection

with any others? surgeons
nurses
LIVING THINGS doctors
medical
occupations
birds
frogs
plants
people who
travel rocks in my
. town
pilots
. rocks in my
people who yard
fly in
airplanes ‘ gray rocks
people rocks
food
sandwiches
jelly
sandwiches
peanut -
butter
sandwiches
brothers
computer
programmers
females




Name:

SORTING CIRCLES Worksheet IV

Sort Your Own Circles

Now try to nuike up some grouping circles of your own. Here are some categories to try:

1) fish, roses, flowers, living things

2) actors, painters, humans

3) flutes, wind instruments, sound
makers

4) radio, entertainment, television,
movics

5) sophomores, students, 8th graders,
8th grade girls

6) coins, dimes, nickels, quarters

7) timepieces, clocks, watches, stop
watches

8) books, encyclopedias, novels,
textbooks

9) Hawaiians, Americans, Earthlings

10) computer lovers, pizza lovers,

people
11) sandals, boots, shoes \
12) vehicles, cars, four-wheel vehicles,

bicycles

. | 33
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Flowcharting
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Skills

o Creating step-by-step
directions

o Learning flowchart
symbols and usage

Time
o -2 class periods

Participants
* Groups of 2 students

Materials

e 3" x 5" cards or tagboard
Jor making templates

® Scotch tape

® Rulers

® Scissors
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Flowcharting is useful in developing or interpreting clear and
complete instructions. The use of standard symbols helps define
the process of flowcharting. These skills are especially useful in
computer-related fields, but they help clarify communications
elsewhere, as well.

Directions:

Explain to the students the meaning of flowcharting (a way to
give directions to a computer or 2 “robot”’) and the flowcharting
symbols:

¢ START and STOP: The oval symbol is used at the beginning
and at the end of a set of directions.

® A STEP: A rectangle indicates a step in the process or a direc-
tion. Some examples might be “Pick up the pencil,” “Open your
desk,” or “Write ‘HELLO'. " A step has one or more paths going
in and one path going out.

¢ A DECISION: The diamond represents a2 question or a deci-
sion to be made. A question should have only a yes or no answer.
For example, the question “What color is it?” cannot be an-
swered with a yes or no, but would have to be asked as a series
of questions such as “Is it red?” and “Is it blue?”" A decision has
one path going in and two paths going out (one for “yes” and
one for “no.”) '
¢ DIRECTION OF FLOW: The direction of the actions is
shown by lines and arrows. The flow is usually down or.to one
side. Every rectangle and/or diamond is connected to other
shapes in the chart.
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Template

Each pair of students will need a template tor drawing the low:
chart symbols, ‘There are several options for templates:

1) Purchase commercial plastic templates,

2) Draw the template diagram on the chalkboard. Have students
copy itonto 3" x 5 cards and follow the utting directions.

3) Make a ditto of the template diagram and run oft multiple
copies onto tagboard for students to cut out.

Demonstrate the flowcharting of going out a door.

Write the following steps on the chalkboard:
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AIISWCI‘ KCY With the students, decide which symbol will be used with each
step, und complete the flowchart as shown in answer key.
. This is a good time to discuss some of the finer points of flow-
START charting with students. You may want to talk about the need for
balance between thinking carefully about each step and being
practical. For example, in the chart above, it would be possible
stand up to go to extremes and name each footstep and each hand
l motion, but that would serve no practical purpose in giving clear
' directions.
walk to , Have students work in pairs to make simple ﬂowcharts of
nearest door their own. Some possible activities which may be charted:

Sharpening a pencil

Putting on shoes and socks
Buying a hot dog in the cafeteria
Opening a window

Going from one classroom to another
Putting new staples in the stapler
Making instant chocolate
Hammering a nail

Checking pressure in a tire
Getting onto a bicycle

open door Putting a letter into a mailbox

Extensions:

walk through ] 1) Have pairs of students trade flowcharts and check for
open door accuracy. :

2) Have students act out some of the activities they have
STOP charted. Are corrections or additions needed? _

3) Have students flowchart an arithmetic operation.

44




FLOWCHARTING TEMPLATE DIAGRAM

CUTTING DIRECTIONS: v

1) Cut out the shaded portion of each shape, leaving a hole of that shape in the card. (Hint: Fold the
card down the middle, and cut out the shapes while the card is folded.) _

2) Write the name for each symbol on the card above the shape (see diagram.)

2 5 mohes>

STEP " DECISION START
OR
STOP:

=
P _
g

CUTTING DIRECTIONS:

1) Cut out the shaded portion of each shape, leaving a hole of that shape in the card. (Hint: Fold the*
card down the middle, and cut out the shapes while the card is folded.) -
2) Write the name for each symbol on the card above the shape (see diagramn).
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It’s All in How You Look At It

Skills

e Conducting surveys

® Organizing information
® Graphing

* Reporting data

o Visualizing figures

Time

® Explanation time: 15
minutes =

® Research time: 1 week,

 outside of class

e Report time: 15 minutes

Participants
e Individual

Materials -

e ] copy of “Picture and
Record Sheet” for each
student

Making research decisions, conducting research by collecting
and organizing information, and interpreting results are impor-
tant skills for many scientific and technical occupations. This
activity guides students through a research project that involves
spatial visualization.

o

Directions:

"Explain to the students that for the next week they will be con-

ducting a survey among their friends and family on the different
ways in which people see a shape.

Each student will have a copy of the “Picture and Record
Sheet” to show to people and to use in recordmg their re-
sponses Directions are on the sheet.

Before the students conduct the survey, they must decide
which groups to survey. Two groups should be chosen that
differ from each other in some way. All of the students in the
class may use the same two groups, or each student may choose
a different pair of groups.

Here are some possible pairs of groups to Compare

Group 1 Group 2

Boys ........ e Girls

Adults . ... ... .. ... .. Stu'dents

7th graders . e Sth graders

Teachers ................... - Parents

Basketball players. . .. ......... Nonbasketball players
Mathclass .................. Art class
Righthanded .. .............. Left-handed



Give each student a “Picture and Record Sheet.” The picture
should be shown, following the specific directions on the sheet,

to at least 10 people in each of the groups (or a total of 20"

people). Record the answers on the “Record” portion of the
sheet. :

When.all the surveys have been completed, the students can
post their results. If all the students have compared the same two
groups, a large class graph can be made. Were there differences

between the groups? Discuss the results with the class, concen-

trating especially on the steps of the research project.

- Extensions:

1) Have the students find other optical illusions, or pictorial
problem-solving acitvities. Make 2 class collection.

2) Conduct more surveys with the class’s own picture set.
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9
Name: _ ~

_Picture and Record Shed

[ 1T°S ALL' IN HOW YOU LOOK AT I'T

Instructions: TALLY RECORD
Fold this sheet so that people can see only the illustration below. Write in the names of the two groups
you are surveying. Before showing the picture to each person, ask that person to be sure to say the
thing that first comes to mind. There will not be time to study the picture. Show the person the
picture while you read aloud the question, ““Which side of the cube are you looking into?" and then
count 3 seconds. Be sure the picture is held straight in front of the person. Record the answer on

- the following Tally Record. Shade in a square in the appropriate row.for each answer. Begin at the

center line. ¢

Shade in a square on this side of _ Shade in a square on this side of
center for each person who center for each person who

says, “Left side.” says, “Right side.” )
Namie of Group 1:

0087654321(12345678910
| |

center
Name of Group 2: :
FOLD HERE

RESEARCH PICTURE

LEFT

RIGHT

Which side of the cube are you looking into?
o 40 | | ’
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N TOOL ACTIVITIES

~ Sort-A-Tool

Tool Vocabulary

Toolin’ Around

Spaces Construction Company
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Sort-A-Tool

n
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Knowledge of tools and their uses can help broaden career per- .

spectives, especially for young women. In this activity, st