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ABSTRACT _

This paper reports on an instructional program based
on the assumption that behavioral change on the part of the student
will be most effective when it is both intentional and insightful.
Changes on the part of the students which are clearly specified
before instruction and which are the explicit objectives of the
instruction are described as intentional. Insightful refers to the
student's acceptance of responsibility in self-directing or pacing of
the learning task which implies that the student accepts the learning
tasks and has the responsibility for pacing his own activities within
that learning task. In designing a self-paced teacher education
program, the designers found the following four steps to be
essential: (1) Instructional materials had to be systematically
designed with explicit behavioral goals and a specific relationshirp
between each of the objectives and the instructional activities; (2)
The objectives for the first set of instructional modules were listed
on separate cards and sequenced in what appears to be a logical
hierarchy; (3) A self-diagnostic test was essential so that each
student could identify those tasks that he could do on entering the
program; (4) Knowing what he could already do was important to the
student because it revealed what he could not do. (RBR)
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SELF PACED INSTRUCTION -- A PRELIMINARY REPCRT

David P. Butts

Science Education Center
and
The University Research and Development Center
for Teacher Education

Instruction in the college classroom is intended to provide enocunters
with those experiences that will enable the student to acquire knowledges and
skills essential for success in later life. In the long term view, it is
anticipated by the college instructor that successful behavioral change

by the student in the college classroom will result in the student being

able to be successful in coping with his environment and life tasks after he
has left the college campus. But does this occur? Under what civcumstances
can the college learning experiznces be made most functional for the later
l1ife of the student?

It is the assumption of this paper that behavioral change on the part of

the student will be most effective when it is both intentional and insightful

Intentional is here used to describe changes on the part of the students
which are ¢learly specified before instruction, and which are the explicit

objectives of that iinstruction. Insightful as used here, refers to the

student's acceptance of responsibility in self-direction or pacing of the
learning task which implies that the student know and accepts the goals for
the learning task and has the responsibility for pacing his own activities
within that learning task. luch research evidence could be cited here,
Flanders, for example, that suggest that the way the instructor engineers

the encounter is a significant contributor to the outcome of the encounter.




2
A direct tightly controlled encounter will usually result in the student's
being very dependent on the instructor for the next move. In contrast, an
indirect atmosphere in the encounter results in students being quite indepen-
dent of the instructor for the next activities.

To design a self-paced teacher education program several steps vere
found to be essential.

First. Instructional materials had to be systematically designed with
explicit behavioral goals and a specific relationship between each of the
objectives and the instructional activities. The first Experimental Edition
of the instructional modules developed by the Mathematics-Science Module
Building Group in the R & D Center seem to fit this design so that seven were
selected as the basis for self paced instruction of sequence. The modules
used in the first sequence were:

"Observing the Basis of Science"

"Describing Observations”

"Comparing Observations”

"Describing Events"

"Reasoning about Observations"

"Organizing to Investigate"

Second. The objectives for this set of instructional modules were listed

On separate cards and.sequenced in what appears to be the logical heirarchy.
The Togic of this heirarchy included both the interrelationships between

the content of the objectives and the known concern levels of students.

Figure 1 illustrates both the arrangement of the objectives and the related
module topics.
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Third. A self diagnostic test was essential so that each student could
identify those tasks that he could do on entering ihe program. Test items
were written for each objective on the heirarchy. A copy of this instrumeat
was attached in Appendix A of this veport.

Fourth. Knowing what he could already do was important to the student
because it also revealed what he could not do. Designing the experiences
to assist him in acquiring the competencies in what he could not do.was the
next task. For cach of the blocks, or a combination of two of the blocks,
task sheets were developed. Nineteen such sheets were developed for the
twenty-two objectives. Each task sheet included:

A. Task objectives. A clear statement of the behavior the individual

should be able to do by the end of that set of irstructional activities.

B. Task focus. A pre-appraisal item that would have the student display
the behavior described on the task sheet. A description of acceptable
responses to this test item was also included in each task sheet,

C. Task activities. A series of activities in which the student had the
opportunity to involve himself with manipulative materials or other
media in acquiring the behavior described in the objectives. The
step format of these sheets was carefully designed to provide
sequential success for the student. Care was used to also provide
many opportunities for open ended vesponses other than single word
responses.  Other opportunities were incorporated for the students
to serve as the judge of the adequacy of his own response. As

described by Dewey, he not only “goes" but "undergoes" each ex-

perience.




D, Task appraisal. UWhen the student completed those activities which
he disired to do, he was then directed to do the task appraisal=-
a post test situation in which he again displayed the behavior
described in the objective. He was directed to have the appraisal
scored by the instructor. Opportunities to redirect the student
was possible at this point if he had not acquired the desired
behavior.
Copies of the task sheets for the twenty-two objectives are attached
in Appendix B.
The self paced version:of the instructional modules were piloted with a
group of thirty individuals enrolled in a college course during the summer
of 1969. Initially they were shown the profile sheet (see Figure 1) and
were told that for this course, achievement through block number 19 would
be graded as a B, and achievement through block 22 would be graded as an A.
In the pretest any items which they could pass would be acceptable as
satisfactory completion of that part of the course. Theoretically, it was
possible for them to complete the course on the pretest. When the individuals
completed the 19 or 22 objectives, they were finished with this course,
regardless of how long or short a period of time it took them. The results
of the pretest are shown in Table 1. For each student an individual file was
established, and as they completed a task the block was marked with the date of
completicn. Figure 2 is an illustration of the student profile sheet.
Based on their performance record, Table 2 illustrates the rate of com-
pletion when students were pacing thier own activities. A parenthetical note
is relevant at this point to note that the ‘instruction and the group basis for

these modules would have taken a minimum of 17 instructional days. No student
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TABLE 2
RATE OF COMPLETION OF TASKS

Number 17 -

of 15 -
Students 13 -

Tt ¢t 11t v

OFHENWLWLBOITAAND W

50% 75% 100% 50% 75% 100% 50% 75% 100% 60% 75% 100%
3rd day 6th day 9th day 12th day

Rate of Completion

!




found it necessary to take the entire 13 days of the course to compiete the
required tasks.
Summary.

Behavior change has been hypothesized to be effective when it is in-
tentional and insightful. Providing which is paced by the student-~in which
achievement is the constant and time the variable--is one alternative to

increase the probability of both the intent and insightfulness of instruction.

In this preliminary veport, self paced instructional modules and the:result
of the pilot testing of them with a group of 30 college students is described.

Continued use of this pattern of instruction is planned during the 1969-70

school year.

ERIC
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Code

PRE 1

PRE-APPRAISAL COMPETENCY TASKS
I.

Task I. Using the object given you, write 7 properties of the object.

w ™N

-

~N Oy On

Task II.

1. Name the two-dimensional and three-dimensional shapes which
are part of a Dr. Pepper bottle.

Shapes: Two-dimensional

Three-dimensional




2. By checking the appropriate column, identify the shape of the
shadows cast by these objects:

{ e rrenems
e
-

s o
Dot et o0 tep + -y

a. cylindrical pill bottle
b. base baill

c. child's alphabet play
block

d. eqqg

@. dunce cap

f. cigar box

Task III.

i Examine the drawings of fruit. List only those characteristics of

Ao pppam—r—

each sketch necessary to distinguish it from the others.

A.
B.
C.
D.
E.




Task 1V,

In two classes, the children were listing their pets. The results
were as follows:

Mrs. G's second-grade class

Pet Number of Children Having One
Dog 1
Cat 9
Monkey 1
Parakeet 3
Gold Fish 4
Guinea Pig ]

Mrs. H's second-grade class

Dog 16
Cat 1
- Parakeet 2
| Monkey 3
Gold Fish 4
i Guinea Pig 1

Construct a graph that shows the comparison of the results of the survey
of pets in both classes.

Which pet was the most popular?

Which pet was the least popular?
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Task V.

L2

Construct a classification system based on your descriptions in
Task III.

The classification scheme you construct should be such that another
person could use it to identify and name each of the fruits by using
Just the key you constructed and the transparency. At each stage in
your system, name both the property used to separate the fruit and the
name of the fruit that has the property.

A1l fruit

Aﬂ B’ C’ D9 E




Task VI.

Farmer Brown was planning to build a pen for his pigs. Some
alternate plans for his pen are depicted on the following

page.

1. Name two (2) properties common to the pans.

2. Order the pens on the basis of area.

3. Draw the longest straight line possible inside each pen.
Now order the pens on the basis of the lines you drew.

Task VII.
Attached are sketches of a Mung Bean Plant.

1. Describe three ways the developing plant can be compared on
different days.

2. Describe the plant on the fourth day, using its appearance
on another day as a unit of comparison.

3. Describe the plant on the seventh day using a standard unit
of comparison.




N FARMEZR BROWN"S PEN PLANS ’
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AR full scale sketch of a Mung Bean Plant on successive days after

planting.

T

o

L\"\ | |
".‘. . \ J |

T 1st 2nd 3rd 4th 5th 6th

7th

Days after planting.




Task VIII,

Use only your pencil--no other tools.

T R, -

The Tine above is 10 cm in length. Estimate the length of
the following:
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Which of these Tines is closest to 5 cm in length?
Draw a circle around it.

i * .."j.

-

.mué
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Task IX.

Using the sketch on the fcllowing page, describe the location of
1. Bill's house

2. School
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Task X.

; Based on what you have seen in the film
two (2) statements of observation:

1.

ed episode, please construct

2.

j Construct two (2) statements of inferen

ce:

1.

2.




Task XI Three children planted several Tima bean seeds and then measured
the height of the bean plants at selected intervals. As the seeds
germinated, the three children made these observations:

A.
B.

c.

Write three inferences that would explain the differences between the

plants.

Inference 1.

Inference 2.

inference 3.

Name the observations (A, B, C above) upon which your inferences were based:
For Inference 1.

For Inference 2.

One plant had larger green Teaves than the other two.

The color of the leaves of the other two plants was
Tight green to yelliow.

The stems of the light green leafed plants were longer
than the dark green lTeafed plants.

5 ro—— oroe

ror Inference 3.

Task XII. Describe how you would test one of the inferences you constructed in

Task XI.

Inference__

Test




Task XIII. The children recorded their observations about the plants:

Days After Planting Average Height of Plants
at Tallest Point

1 cm
5 cm
10 cm
23 cm
L 28 ¢m

ot

N=~NOT P

1
1
Construct a point graph of their data.

The manipulated varianle in this activity was .
The responding variable in this activity was .
What do you think the average height of the bean plant was:
10 days after planting? .
8 days after planting? ‘

15 days after planting? .
3 3 days after planting? .

POowE

Describe how you would find out if one of your predictions above was correct.

You made four predictions ahove. List them in order of greatest confidence
you have that they are correct.

Most Confident Least Confident

ERIC

Full Tt Provided by ERIC.



rmarrort past =)

-]
-
. .
-
R
0 L rmeie e
PR
Lawe ~--.T‘..»--v
.
H
L]
et
‘

e

mga e -




# 1, page 2

With your partner, now code each of your statements as follows:

# 1  Property observed by sight
# 2 Property observed by smell
# 3 Property observed by touch
# 4 Property observed by taste
# 5 Property observed by sound
# 6 A change ‘in the cube
# 7 A measurement of the cube
# 8 An explanation or inference about the cube
Now make two more statements about the cube using each of the eight
codes. (NOTE: Do not repeat statements made on first page.)
Code # 1 1.
2.
Code # 2 1.
2.
Code # 3 1.
2.
Code # 4 1.
2.
Code # 5 1.
2.
Code # 6 1.
2.
Code #.7 1.
2.
Code # 8 1.
2.

Your definition of observation is

Camm E e e e SR s

You may wish to think more about observation in teaching science. A
useful resource is Commentary for Teachers, page 35.

A Fuiimext provided by R
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THE CUBE

Task Obje tive

At the end of this task, you should be able to:

Describe properties of an object or event by using all
five of the senses.

Task Focus

In the materials you will find a hook of matches. Remove one match
from the book. List seven observahle nroperties of that match.

NoOYOT AW

At the end of this task you will find acceptahle answers to check
yourself, Discussion of Task Focus p. 3.

Task Activity

Remove the cubes from the container. Place one about 1 meter from
where you are sitting.

List four observable properties or characteristics of the cube,

DLW

Now name the cube--what is it?
5.

You may now examine the cube in any way you wish. You may also
use the cup with water, the ruler, matches, or any other things that
are available to you. List seven more observations of the cube.

6.
7.
3.
c.
10.
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Aruitoxt provided by Eic:

Task XVIII.

The substance was hotter at Point C than at Point B.
Between Points A and B the ice melted.
Between Points B and C the temperature changed.

At Point C the water bhoiled.

5.
6.
7.
8.
9.

At Point D the water was boiling.

Construct a systematic analysis of the experiment.

Event Objects in System

When a constant source of
heat is added to ice, change
occurs.

NDWN =

Given the event described in your analysis of Task XXI, state
one question which you could investigate further.

What specifically would vou do to find the answer to your
auestion?




i Task XVII. A hot plate has been pre-heated for 5 minutes. The‘tanperature
switch of the hot plate remained at the same setting during the
i experiment described below. The experiment involved a pan of ice
cubes which were placed on the hot plate. The temperature was )
recorded every 30 seconds, and the results when graphed looked 1like
| this:
‘ X" D
| 100 X
] G0
| 80
‘ 70
| Temperature 69
'i 50
in 40
| 30
Celsius 20
1 10 A
0 Y

-10

e

Time in Seconds

TASK I:

Based on the information given, code the statements in the
following lists with

__F __ for those that are Facts from the graph.

I for those which are Interpretations from the grapn.

1. The temperature was the same at Point B as it was at
Point A.

2. The hot plate was turned on "high".
3. The ice disappeared at the time of Point B.

4. The temperature vas the same at Point D as at Point C.
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Task XVI.

An escalator in a department store was moving up at 20 steps per
minute. Several children are having fun going up and down on the
up escalator. One boy found out that he could run on the escalator
at 10 steps per minute. Answer the following questions and dray

arrows to show how you found vour answer:

a. Yhat is the boy's velocity, relative to the foot of the
cscalator at 10 steps/minute?

Ansvier

Describe how yov could find out using arrovs:

b, Yhat is the boy's velocity, relative to the foot of the
escalator, when he runs down (on the up escalator)
at 12 steps/minute?

Answer

Describe how you could find out using arrows:

¢, What is the boy's velocity, relative to the foot of
the escalator, when he runs down (on the up escalator)
at 20 steps/minute?

Answer:

Describe how you could find out using arrows:




Task XV. Here are two diagrams of a dogwood blossom at two different

ages: one week and five weeks,

) T ¥
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Describe the observahle changes . f the diagram of the blossom from one
week of age to five weeks of age.

Compute the rate of change for 2 nroperties of the blossom.

Ot

State the rule for comnuting the rate of change of a property of an object.




Task XIV The hare and the tortoise trere nracticing for a race. The hare
jogged 4 units north and the tortoise 2 units south. They both
started from the same point and endad their jog at the same time.

Draw arrows to describe their displacement and velocity.

Displacement Velocity
Arrovis Arrovs

The next day's practice was a repeat over the same course. The
hare ran in 4 minutes and the tortoise in 2 minutes. Draw arrows

to describe displacement and velocity on this day.

Displacement Velocity
Arrous Arrows
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You are now ready for the Competency Appraisal. \lhen you complete
this, please Have it scored by the instructor.

Discussion of Task Focus

Your 1list should include:

1. Only observable properties and not inferences as to the
composition of the match or how it was made.

2. The use of at least four of the five senses.

Some possible responses are:

It Tooks 1ike paper.

It smells 1ike a match.

It is brown in color.

It has different substances at one end than at the other end.

5. It tastes bitter.

6. It produces a scratching sound when struck acainst
something.




o i 0

COMPETECY APPRAISAL

Using the object given you, write 7 properties of the object.




SHAPES AND SHADONS #2

Task Objective

At the end of this task you should be able to:

Identify and name two-dimensional and three-dimensional
shapes as part of objects in your environment.

Task Focus

In the materials, you will find a toy.

1. Name the two-dimensicnal shapes which are part of that toy.

2. Name the three-dimensicral shanes which are part of that toy.

3. Is the toy symmetrical? YES NO

oot ———

Describe how you weculd show someone the reason for your answer.

You may wish to check your ansvlers with the Discussion of Task
Focus on nage 4.

Task Activity

Look for the pictures of farm animals on display in this room.
Individually you and vour parcner make a list of the things that nave
a gizmo on top of one of their ends. “

1.
2.
3.
4.

Do your lists agree?

Uhy?

h Mow identify each animal that has a cone-shaped projection on its
ead.




#2, page 2
Do your lists agree this time?
Why?

What was the difference in the "Gizmo" task and the "Cone-shaped
projection" task?

Take out Packet A of the materials. Identify the shapes
in the Packet. (Mote: Packet A includes both the envelope and box.)

A. Circle
B. Square
C. Ellipse
D. Triangle
E. Rectangle
€. Sphere
G. Cube
H. Cone
I. Pyramid
J. Rectangular parallelopiped or Rectangular Prism
K. Cylinder
For each shape, name three objects in the room that has a snhape
1ike the one in the packet.

Shape A 1.
2.
3.
Shape B 1.
2.
3.
| Shape C 1.
2.
3.
d Shape D

1
2
3
Shape E 1.
2.
3

Shape F

Shape G 1.
2




Shape H

Shape 1

Shape J

L N\ =
s .

Now place the cube on the overhead projector. With the light turned
on, what is the shape of the shadow on the screen?

How many different shaped shadows can you get from the cube?

Describe the different shadow shapes you get with
a cone
a pyramid

a rectangular prism

a cylinder
what is the fewest number of shadows you must have in order to know
that the object is
a cone
a pyramid
a cylinder

an ellipsoid

How are shapes and shadows related to teaching science to children?
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# 2, page 4

Mow take out the materials in Packet B. With your partner, arrange
them in two groups.

What is the basis of your grouping?

Now put the Letter J and Letter S and the pumpkin and pear in one group.
In what way are all these objects alike?

Print all the letters of the alphabet on the following lines:

Circle those letters that have matching halves. What is the name for
an object that has a matching half?

Look back at the group of all objects other than letter J, S, and pumpkin
and pear. Suppose you were to put the hexagon, octagon, ellipse, triangle,
and letter X in one group. In what way is their symmetry different from
that of the other objects?

How is symmetry related to teaching science to children?

If you wish to read more about shapes, shadows, and symmetry, see pages
40-58 of the Commentary for Teachers.

You are now ready for the Competency Appraisal. Pleose ocave the instruc-
tor score it as soon as you are finished.

o —— o ———— oy v, 4

Discussion of Task Focus

The two-dimensional shapes include circle in the wheel, rectanglar
shaped body, and triangles in the window.

The three-dimensional shapes include the ellipsoid shaped body and
cylinders for wheels or axie.

The car is symmetrical and your description of why this is so should
include the idea that it could be divided so that two sides of it match.

o wmb .

-




COMPETENCY APPRAISAL

1. Wame the two-dimensional and three-dimensional shapes which are parts
of a sharpened primary pupil's round pencil.

Two-dimensional

Three-dimens ional

2. lIdentify, by checking the appropriate column, the two-dimensional
shapes which are parts of the following three-dimensional figures:

SRS

| O|A =

L“«—-‘.’u‘ ;‘-“‘ /

a. cylinder

‘ b. sphere
¢. Ccube
d. ellipsoid

e. cone

f. rectangular
parallelepiped




# 3
TIMKERING WITH TINKERTOYS

Task Objective

At the end of this task you should be able to:
Name the minimal observable properties of an object o an
event necessary to distinguish it from similar objects or
events in a set.

Task Focus

Examine the objects in Packet X. List only (1 or if necessary 2)
those characteristics sufficient to distinguish each object from the
other.

Object Characteristic

Object Characteristic

Ohject Characteristic 3

Object Characteristic

Object Characteristic Y

On Page 2 you will find a discussion of the acceptable responses.

Task Activity

In the materials, you will find tuo Packet C's. Place yourself
with your back to your partner. Both of you should take out all of the
tinkertoys in Packet C. Without Tooking at your partner, construct an
arrangement of four of the tinkertoys and describe what you did so
that your partner can make the same kind of arrangement.

You may find it useful (and fun) to repeat this two or three times.

Did you experience any difficulties?

What were they?

What did you do to improve your descriptions?




# 3, Page 2
Now face your partner. Arrange the three-dimensional shapes on the
table between you and play the "More Information Please" game.
The rules for this game are:
1. You may give only one specific bit of information in the task.

2. Your partner may only point to an object if the information
is sufficient to identify it from all others.

3. If your partner cannot point to an object, he says "More
Information Please’ then have your partner tell you why more
information is needed.

For exampie, Took at the objects and select one that has a point on it.
(Do you need more information?)

Select one that has straight sides. (Do you need more information?)
Select one that has square corners. (Do you need more information?)

Select one that has only square surfaces. (Do you need more information?)

Continue to practice this together with the shapes or other objects in
the room.

In what way is this set of activities related to t2aching science to
children?

You are now ready for the Competency Appraisal. Please pave the instructor
score this as soon as you are finished.

Discussion of Task Focus

A key idea here is that the characteristic describes how each object is

unique; that is, one or twg ways in which it is different from all the other
objects in the group.

washer - circular, has a hole
nail ~ one pointed end

cap - circular, has no hole

clamp - has _a hole, not circular
Jack = 2 pointed ends




- ty "

COMPETENCY APPRAISAL

Examine the drawings. List only tnese characteristics of each sketch neces-
sary to distinguish it from the others.

3.

19.

15.

34.

20.

18,

35.




# 4
GRAPHS
Task Objective

At the end of this task you should be able to:

Construct a graph for pairs of observations.

Task Focus

Two children were counting the number of different kinds of cars
that went by the front of their house in the morning and at noon. They
counted all the cars for 15 minutes at 8:30 and repeated this at noon.
The results looked 1like this:

8:30 12:00
Buick 16 18
Ford 29 18
Chevrolet 24 12
Plymouth 19 6
Pontiac 21 17
Trucks 4 4

Construct a graph that shows a comparison of the count at 8:30
and at noon. Use page 2.

On page 11 you will find a discussion of acceptable responses.

Task Activity

Take out the objects in Packet D. How many of them have a shape

a. like a circle?

b. like a triangle?
c. like a square?
d. 1ike an ellipse?
e. like a rectangle?

Suppose you weie to communicate there results to someone who could
not hear or read words. How might a graph help?

what information or story should the graph tell?

What information must be on the graph?
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i{‘ Using the graph paper nage 4, what will you use as che labels
- for the horizontal axis, i’e., the base line? (The choice is arbitrary,
but it is customary to use that set of categories you select for the base

-t line ?nd the set of categories that you count or measure for the vertical
, axis.

Label your two axes.

(By the way--do you label the Tines or the spaces?) Custom says label
lines only. 4hat do you think might be the reason for that rule?

Now complete your graph.

Let's get some more information.

Write down the name of

Your Governor
One U.S. Senator
from your state
The mayor of your
town
The Secretary of
Defense
The Chief Justice
of the Supreme Court
The mayor of ilew
York City

- A. \ .\‘
- - 4

o W N

In one group the results were as follows:

Out of 26 individuals,

24 named the Governor

25 named the Scenator

26 named the mayor

11 named the Secretary of Defense
4 named the Chief Justice

18 named the mayor of New York

Add the results of you and your partner to this data and construct a
graph of this information of jmsortent people today. llse page 5

ﬂfg On DO #4 you will find a set of data showing the results of student
| b achievement scores in spelling between the first test and the last test
| during a time when the teacher used a new approach to spelling.

Construct your graph which you think will best communicate how effec-
tive tiis new approach to spelling was. Use page 7.
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Aruitoxt provided by Eic:
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# 4, Page 6
Miss Ima Genius's Class Spelling Achievement
Child January March
Ri11 89 91
Marie 61 o2
Janet 86 93
Don 40 81
Marilyn 50 84
Ken 72 88
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Spelling

Scores

Mow look at the following 3 graphs:
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#4, page 10

Janet
(aaget)
(Ken) ,’,0’
(Mlarilyn) A ,p
X X X /
(Don) (ilarie) 7
o/
/7
/7
"’0/
o~

X (Bi11)

X = vhat vas observed.

30 40 50 60 70 80 90

JAHUARY TEST SCORES

o = what was expected if all students tiere helped the same
by the new snelling approach

100
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tthich graph is like yours?

on each of these granhs, write a single sentence which describes
what you think the graph best pictures.

You have just constructed several graphs.

A. 'lhat kind of categories do you place on the base Tine?

B. lhat kind of categories do you place on tie vertical
axis?

C. lhy are categories placed on the line and not on the space?

In */at way is graphing related to teaching science?

If you wish to read more about graphs, please see pages 112-134 of
the Commentary for Teachers.

L You are nov ready for the Competency Appraisal. Please have the
instructor score it as soon as you are finished.

Discussion of Task Focus

‘ lote in the gqrpph both sides must be labeled and a title for the
| ggraph must be given.

Cemparison of Humber of Cars at

ari
£:30 A.l. and 12:00 Moon
30 | E
8:30
25
i _
Number 20 - N ‘f
_ 3| 12:00
| of 3 N < N
Cars 15, M N N
Y - ~
N N N
10 |1} 3 § N
3 N N 3
5 1R NERIR N \
~ ~ ~ N ~ N
ol__LIX NEREN D 3 D
¢ g g =2 § F
anbe (o] [l =5 [t
g 4 & 3§ 3z g
- 1]
g‘_, O
Type of Car




COMPETENCY APPRAISAL

The teacher in two fourth-grade classes made a survey of the students'
opinion of the cafeteria menu. The results were as follows:
| Mrs. il's Class
ilenu Number of Studzats Who Approved
; Hamburger 29
] Jeat Loaf 26
| Coney Sticks 18
Chicken Legs 21
Fish Sticks 8
iirs. W's Class
Hamburger 2
! Meat Loaf 24
Coney Sticks 3)
Chicken Legs 18
Fish Sticks 4

Construct a graph that shows the compariscn of the results of the survey
in both classes.

Wihich food did the children prefer?

Which food was preferred the least?
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VEGETABLES AND OTHER STUFF
Task Objective

At the end of this task you should be able to

Construct a two- or more stage classification of a set
of objects hased on cbservable properties.

Task Focus

Here is a description of the objects in Packet X.

washer ~ has a hole, circular
clamp -~ has a hole, not circular
cap ~ has no hole, circular

nail - one pointed end

jack - two pointed ends

Construct a classification system based on these descriptions. Your
system should be such that your partner could use it to identify and name
each of the objects in the packet using only your key. At each stage,
name both the characteristics and the objects in that group.

On page 3, you will find a discussion of acceptable rosponses.

Task Activities

Take out box D of the materials, but do not open it.

WYhile your partner times you, look inside the box for only 15 seconds.
Mowr 1ist all the objects you saw inside the box

Lol ¥ Rand LA VITG wWie

Repeat this task letting your partner look inside for 15 seconds and
then make a list.

Compare the two lists.
How many objects did each of you list?
How many objects were on both of your lists?

How many cbjects were on only one of your lists?

Now open the box and check your lists. Ithat items do you now need to
add to them?
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Group your objects according to this scheme.

A11 objects i

3 )

r"

l

Listed on Not listed on
both 1ists both 1ists
| |
Listed on Not
one list listed

Now place all the objects in a large circle on the chart paper. Name
the circle so that it will include all the objects.

Group the objects into two groups and name the characteristic common
to each group on the chart.

Continue the sub-grouping until you have each object in a separate
circle.

Identify where these objects would now fit into your scheme.

1. a pencil
2. a chalkboard eraser
3. a dime

4, a thumbtack
Some useful keys in classifying are:

1. Each time you regroup, select a characteristic shared by
about half of the total group of objects.

2. Make sure that your groups are mutually exclusive, such as
Blue - Not Blue rather than Blue - Red or
Rourid - Not Round rather than Round - Square.
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In the room there is a set of plastic vegetables on display. Use
only those characteristics that are observable and construct a classification

key for the entire set of vegetables.

List the characteristics you used.

Show on your chart what you would do to add

1. a green pepper
2. an orange

In what way does classifying help you to describe?

How is classifying related to teaching science?

If you wish to read more on classifying please see pages 58-71 of the
Commentary for Teachers. .

You are now ready for the Competency Appraisal. Please have the
instructor score it as soon as you are finished.

Discussion of Task Focus

Several keys are possible for this task. If you are needing help,
please check with the instructor.

A11 Objects
] n

I ]
| Objects Objects
with hole without hole
I~ i 1 ‘
found or Mot round Disk Like; Not Disk|' i
Circular or Circular Like
I
J [

Sing1d More than
Paint one point




COMPETENCY APPRAISAL |

Construct a classification system of the objects, based on your
descriptions in Task III.

The classification scheme you construct should be such that another
person could use it to identify and name each of the objects by using
just the key you constructed and the transparency. At each stage in your
system, name both the property used to separate the objects and the number
of the object that has the property.

A11 Objects
3, 10, 15, 34, 20, 18

35
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ORDERING

Task Objective

By the time you have completed this task you should be able to
Order objects by comparing a property which the
objects have in common (such as length, area,
volume, or mass).

Task Focus

On the following page is an outline drawing of a series of lakes
along a river. Name two properties or characteristics common to all the
lakes.

1.

2.

Order the lakes on the basis of area.
(1argest) ;.

3.
(smallest) 4.

Task Acst(%g{ﬂigc%%d answers are on page 4.

Remove the objects from Packet A and write down eight items to
describe these objects.

co~NOYOYT PR Wi~
- [ L )

.

Look back at your list and circle each descriptive item that indi-
cates that you either did or could compare the objects with each other.

List four other types of comparisons of the straws that could be made.

1.
2.
3.
4.
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Minee
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Suppose we use length as the type of compariscn. Order the straws
by length.

Does your arrangement agree with your partner?
Which straw did you use as your basis fur comparison?
Using the longest straw as the basis of comparison, describe the other

straws, such as

1. The shortest straw is _ as long as the longest straw.
2. The next straw is as 1ong as the longest straw.

llsing the shortest straw as the basis of comparison, describe the other
stiraws.

1. The longest straw is as long as the shortest straw.
2. The wext straw is as long as the shortest straw.

What is the difference in using the longest or the shortest straw as
the unit of comparison?

Remove the containers from Packet B, Which one will hold the most water?

Which one will hold the least water?

Order the containers from most to least volume.

Describe how you could find out how much more each container holds than
the next smaller size.

Describe the volume of the smallest container using the largest container
as your unit of comparison (op your measuring unit).
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Describe the volume of the largest container using the smallest con-
tainer as your unit of comparison.

In one sentence, deccribe how these tasks relate to measuring.

If you wish to read more about measuring, please see page 102 of the
Commentary for Teachers.

2 ) You are "ow ready for the Competency Appraisal. Please have the .
{Wstructor score it as soon as you finish.

Discussion of Task Focus

1. Some properties you could have described are:

area

longest length across the lake
shortest length across the lake
volume of the lake

2. From largest to smallest area:

Minee
Moe
Exnie
Meanie

(oo NR o a1}
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COMPETE/CY APPRAISAL

A contractor was planning to subdivide a new area of the county.
Some alternate plans for his subdivision appear on the following page.

1. Order the tracts on the basis of the amount of area of each
tract.

2. Draw the longest straight line possible inside each tract.
Now order the tracts on the basis of the lines you drew.

3. Attached are sketches of a leaf. iiame two properties common
to each,
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Here are two diagrams of a leaf at two different ages: one

week and five weeks.
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STICKS, SPHERES, & SQUARES®

‘I: Task Objective |
By the time you have compieted this task you should be able to
Describe objects (length, area, volume, mass, etc.)

by comparing them quantitatively using either arbitrary
units of comparison or standard units of comparison.

Task Focus

Petunias grown in a flower pot seem to differ from those grown in a
garden plot.

1. Describe 3 ways the ' drawings (below) of the petunias can
be compared.

a.
b.
c.

; 2. Describe the differences using the pztunias grown in a pot.

3. Describe the differences using a standard unit of comparison.

v B

B

;g“ Flower Pot Petunia Garden Plot Petunia
y
"

For possible answers, see Discussion of Task Focus, page 5.




# 7, Page 2

Task Activities

~ Using the A stick in your materials, how many sticks long is

the chalk tray?
the door height?
the table height?

Were these measures exactly as long as 2, 3, or 4 sticks?
If not, if they were more than 2 sticks but Tess than 3 sticks, was
it closer to 2 or 3?

By custom, we round off to the number of stick lengths that is closest
to the actual Tength of an object.

How many A sticks wide is the desk?

A SR

This sheet of paper?

What happens when you round off here?

i)

Try measuring the paper with the B stick. How many sticks long is it?

What is the paper's width?

How many B sticks long is your pencil?

{ How many B sticks wide 1s your pencil?

(What happens when you round off here?)

Use the C stick to describe how wide your pencil is.

How many C sticks wide is your thumb?
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Look back at the B stick. Estimate how.many C sticks long the B stick is.

Measure it. Your results are

Estimate here how many B sticks Tong the A stick is.

Measure it. Your results are

You may know the name of these sticks.

A stick = 10 B sticks
Meter = 10 Decimeters

= 100 C sticks
= 100 Centimeters

It may be of intarest for you to note that the "fun" names for these
sticks are:

A = Dollar stick. = . Meter
B = Dime stick = Decimeter
¢ = Penny stick = C@&ntimeter

leasure your partner's height with the marked meter stick. RNow measure
his finger tip to finger tip width. How do they compare?

Nep—

Have your partner measure your height and finger tip width. W4hat con-
clusions seem reascnable?

Take out the spheres in Packet ¢. Arrange or order these spheres by
how heavy they feel to you. Describe the order.

Any problems?

What might you find helpful when the differences in how heavy objects
feel is very small?

Using the scale, check your order of the spheres. Any changes?

How much more push on the scale does the heaviest sphere have than the
lightest?
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Describe how you found out.
iHow many paper.clips have the same:pusin on the scale as the lightest sphere?
The heayiest SPhere?

How much more 'tlip push® does the heaviest sphere have than the
lightest sphere?

What other units could be used instead of clips?
What is the standard unit used to compare the amount of stuff in objects?

Use the gram masses to describe the comparison of stuff in the spheres.

Now remove the blocks from Packet E. Order these blocks and describe
your basis.

State the rule for determining the volume of a solid object like a block.

Use the ruler to compute the volume for the five blocks.

*

Tt Wiy =

NOTE:  Use centimeters as your unit of measure.

Suppose you didn't have a ruler. Describe how you could use the gradu-
ated cylinder to describe the volume of the blocks.  (Hint--would water he1p

especially with those blocks that fit inside the cvlinder?)
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Fill the cylinder to the 50 m1 mark.
What does i1 mean?

The smallest cube in Packet E had what volume when you measured it wi<l:
the ruler?

When you measured that cube with the graduated cylinder, what volume
does it have?

) What is the relaticnship between a cubic centimeter (cc) and a milliliter
(m1)?

What is the main idea of this set of tasks?

How does this relate to teaching science to children?

You may wish to read more on weasuring (pages 102-111) and the metric
system (pages 244-253) in the Commentary for Teachers.

You are now ready for the Competency Appraisal. Please fave the instruc-
tor score this. as soon as you finish.

" NI e S b ——.t
s o RS- IR LT PRITSETN - -

Discussion of Task Focus

1. There are several kinds of comparisons such as

longest line across
shortest line across

area of entire flower
area of individual petals.

2. Such a comparison might be the plot petunias are twice as large as
the pot petunias.

3. The pot petunia is 5 cm across and the plot petunia is 7 cm across.

o — e e e e a8 ik et -
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COMPETENCY APPRAISAL

1. Attached are sketches of a leaf. Describe three ways the growing leaf
can be compared.

2. Describe the leaf at five weeks using the leaf at one week as a unit
of comparison.

! 3. Describe the leaf at one week old using a standard unit of comparison.




Here are two diagrams of a leaf at two different ages:

one week and five weeks.
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ESTIMATION

Task Objective

When you ccmplete this set of task activities you should be atle to

Describe objects by making quantitative estimates of
their dimensions.

Task Focus

Use no tcols for measuring, pleasc.

p——y

L The line above is 8 cm in length.

Estimate the length of the foilowing lines:

Which of these lines is closer to 5 cm in length?

Check your estimates with page 3.
Task Activities

e have been working with measuring various objects. At times you may
not have a measuring unit available and need to estimate.

Complete CO #2 and then use the ruler to check your results. (Page 2)

You are now ready for the Competency Appraisal. Please have the instruc-
“tor score it as soon as you finish.




# 8, page 2

1. Estimate the width of this paper in cm.

2. There are three types of film: 8 mm, 16 mm, and 35 mm. Mark these
lines to show the width of each film.

8 mm

16 mm

35 mm

3. Advertisement is being made about the "silly millimeter" that is
being added to cigarettes. Show how much longer this cylinder would
be if a millimeter was added.

R )

| 4. Uhat is the length of your shoe 1n decimeters?

5. A rock hit an auto windshield and the crack spread out in &1l
directions from the point of impact about 2 cm from the center.
Draw a circle the size of the cracked area of the windshield.
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Discussion of Task Focus

1. The length of the three Tines are:

2 cm
8 cm
12 cm

2. The middle line is 5 cm in length. |




COMPETENCY APPRAISAL

Task 6: Use only your writing impiement--no other tools.

- .
The line above is 10 cm in length. Estimate the length of the
following:
. ()
r { (",*_”_—)
' - )

Which of these lines is closest to 8 cm in length?
Draw a circle around 1it.

T-
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GRIDS

P {

Task Objective

At the end of this task you should be able to

Describe the location of objects using a two-
coordinate system.

Task Focus

10

1 2 3 4 § 6 7 8 9 10 11 12

Describe the location of

A. Park

B. School

}' See ansvers, page 2.
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Task Activity

Place yourself with your back to your pavtner.

On the attached plain sheet of paper, place an X and then
describe its location so your partner can place an X on his paper in a
similar position. (You may wish to practice this several times.)

Now use the attached sheet of grid paper and place an X on
one of the ‘intersections, and then describe its position so your partner
can also place his X in a similar position.

Continue to mark locations, but this time number the lines on
t?e grid. Use these numbers to describe the intersections, the position
of the axis.

There are some specific customs to use here.

1. The across axis is always the X axis.

2. The vertical axis is always the Y axis.

3. In expressing coordinate paris describe X first and
then Y. (Note in the alphabet X comes before Y.)

If you wish to read more about coordinates and graphing,
please see pages 112-134 in the Commentary for Teachers.

i You are now ready for the Competency Appraisal. Please have
the instructor score it as soon as you finish.

Discussion of Task Focus

The location of the park is 5 (on the X axis) and 5
(on the Y axis) or (5,5).

The location of the school is (6,11).







COMPETENCY APPRAISAL

12 ¢ P

1 f

10 ion

Describe the location of

A. Janet's Diner

B. The Firestation
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CARTOONS

Task Objective

At the end of this task you should be able to
Construct statements that are observations and inferences.

Task Focus

In the materials you will find a single concept film loop. Watch it
one or two times and then list two observations and two inferences.

Observations:

1.

2.

Inferences:
1.
2.
At the end of this task you will find acceptable responses, (page 7.)

Task Activity

The digtinction between observation and inference is essential to
productive investigation in science. The cartoon figures may seem simple--
but they will require careful thought. See pages 2, 4, 5, and 6.

Using the first set, circle the appropriate letter as to whether the
statement is an observation or an inference. ith your partner, check yours
against his.

Continue with each of the sheets. For each sheet also identify the
sense which is the source of information.

‘. In the "cubes" task (Task 1) you defined observation. Restate your
definition here.

i & bbmehd Gake T K § s e cemn A fembim e - M e WA b b0 e A ety

Now state your definition of inference.
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p—
el

‘waterdrops all over
it. It must have
rained. lle won't be

I did not see any

> &
A J%\

wet. Your tricycle he

CpS

/ It rained while we
were sleeping.
did the bike get
'ct 1f it did not

rain. Did you see it
rain, Andrew? -
\@

4avbe mother watered the

Tawn.

—
e will go on our think it rain

f/.

picn1c

,.—\

A SN

\\i iHn b—c RY

i

D\

| '\a




Which of the following statements are observations? Which
are inferences? Circle ) if you think the statement is an observation;

circle I if you think it is an inference.

The ground is wet.

The tricycle has water drops on it.

It rained while we were sleeping.

Mother watered the lawn.

Which senses did Andrew and Mike use to make the observations?

What would you do to find out which boy is right in the
inference he made?

#10 s Page 3
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hich statements are observations?
0 if you think the statement is an observation;
statement is an jnference.

The tricycle felt wet.
Now it is dry.

The water evaporated. It
went into the air.

Mother dried the tricycle.

What kinds of ubservations were made?

Seeing, smelling, feeling, hearing, tasting.

Early this
morning the
bike felt

wet, ’___',_...-/

/The vater

he water
evaporated. It
went into the air.

7
%iiz:sa&;“ﬁéfg &
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Which are inferences? Circle
circle I if you think the

0 I
0 1
e |
0 I

Circle the senses used:

P the bike. Now
A\its dry.

...‘/

//////;et me fee%///

Mother driedHZEF\
bike with a towel.
The water didn't
% evaporate
i/
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Circle 0 if you think the statement is an observation: circle I if

you think it is an inference.

I hear a noise.
I hear clomp, clomp.
It must be Dad.

It could be the mailman.

Seeing. Smelling, Feeling Hearing. Tasting

o O O

0

o

e,

/“iircould be
Be quiet. It the mailman.
must b -

P,

. ‘A—M-—_—M’/

What kinds of observations were made? Circle the senses used:

/m--n- T
bt

Yes, T hear \
clomp, clomp.//

e
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tircle 0 if you think the statement is an observation; circle I if
you think it is an inference.

I hear Mom's voice. 0 I
Mom is singing. 0 |
It sourds louder. 0 I
She must be getting closer. 0 1
Mom must be singing louder. 0 I

What kinds of observations were made? Circle the senses used:

Seeing Smelling Feeling Hearing Tasting

ﬁ_\‘
— e 61:'9 getting louder. )
C Yes, she's singing. /’é,/

I hear \;

Mom" i \ / 77/ v(cww?' @s, it sounds7
om's voice. ~ o T L s louder. A
Uy - /6", 1...;\7 (; . ({%\(;‘f\[\ L’

>

1

/f\@ LS <Y
\EER RS2

e

- b

-

.
-
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’
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Mom must be
singing louder.
She must be e //ﬂﬁ/
getting N T — /
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In what ways is an observationsimilar to an inference?

In what ways is an observation different from an inference?

You may wish to think more about inferences and read page 141 of the
Commentary for Teachers.

| You are now ready for the Competency Appraisal. Please have the in--,
structor score. it as soon as you finish.

womr

Discussion of Task Focus

Your observation should have included descriptions of the objects or
events in the fiim.

Your inferences should be the explanation of why the event took place
or interpretation of parts of the film which you could not directly observe
or see,




COMPETENCY APPRAISAL

, Based on what you have seen in the filmed episode; please construct
| 2 statements of observation;

construct 2 statements of inference.
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Task Obiective

At the end of this task you should be able to

Construct alternative inferences from a set of observations and
identify which observations support the inference.

Task Focus

When he returned from his vacation of two weeks, Mr. B. observed
several things about his yard.

A. The grass was a brown color in many places.
B. The leaves of the grass appeared to be folded up.
C. There were large cracks in the soil.
Write three inferences that might explain Mr. B.'s observations.
1.
2.
3.

Give the letter of the cbservations upon which your inferences were
based.

1.
2.
3.
See page 5 for possible answers.

Task Activities

Using the three boxes, name two things that you think could be in
each of the three boxes.

Box A Box B Box C
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For one of the things that you named in each of the boxes, list fouyr |
observations that support that inference. v

Inference Observations

>
-*
“

WK =

BWN = W=

Now take out the two push rod boxes. You may examine the push rod

box in any way you wish, EXCEPT you may not open it. On page 3 draw what
you think it looks like inside the box.

Exchange your box and diagram with your partmer. With your partner's

diagram, describe how you would test his inference.

Together decide what observations were made to support the diagrams.

What observations did you make that do not support a diagram for each
box?

Based on your observations, construct a new diagram for each of the
two boxes. (Use page 4)
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In what way were the two box tasks similar?
How is inferring related to science?

You may wish to read more about inferring in the Teacher's Commentary
on pages 141-160.

You are now ready for the Competency Appraisal. Please have the
instructor scove it as soon as you finish.

[ Discussion of Task Focus

Inference 1. The neighbor hadn't watered the yard (B,C)

Inference 2. The weather had been hot and very dry during the past
two weeks. (A, C)

Inference 3. A disease had invaded his yard. (A, B)

You may have had others--but, they should be explanations or reasons
for the observations.
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In a room there were two jars. I observed the following:

1. The jar at the front of the room has a higher water Tevel than
the jar on the window sill.

2. There was a puddle of water on the window sill near the Jjar.

0
L ]

There was a trail of wet spots on the floor, leading from the
door to the jar at the front of the room.

4. Earlier in the day, the window was open near the jar on the window
sill.

Based on the observations listed above, write three inferences
that explain or account for the different levels of water in the two
jars.

Inference A

l which’Z'obéervations support your inference A: 1 2 3 4 (Circle)

] Inference B

Which 2 observations support inference B: 1 2 3 4 (Circle)

Inference C

Which 2 observations support inference C: 1 2 3 4 (Circle)
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BOTTLED WATER

Task Objective

At the end of this set of tasks you should be able to

Demonstrate a test for an inference by describing
what additional observations are needed.

Task Focus

Describe how you would test each of your inferences from the Task
Focus, Task # 11 (Mr. B's yard).

See page 3 for Discussion of Task Focus.

Task Activities

You have a set of objects provided for you.

1. Name the objects in your system,

2. HNow fill the plastic container 2/3 full with water and fill
the pop bottle with water. Invert it in the plastic container

of water, f:}
s/

Describe and demonstrate how vou could remove the water from
the bottle, but note three rules apply:

a. The bottle may not be taken out of the water.
b. You may not drink the water.
c. You may not take any water away.
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3. List two alternative inferences as to what happened to the
water and two observations to support each inference.

Inferences Observations
A. 1.
2.
B. 1.

8 4. Describe how you would test inference A and then demonstrate
. your test.

l 5. What were the results of your test in #4?




# 12, Page 3

6. If you were to design a new test for the task in # 4, what would
you do?

In what way is an inference different from a prediction?
In what way is an inference different from an observdation?
In what way is an inference different from a guess?

In what way does the testing of an inference and the testing of a prediction
differ?

You are now ready for the Competency Appraisal. Please have the instructor
score this as soon as you are finished.

Discussion of Task Focus

More than one observation can be used to support an inference. Here
you should have checked those cbservations that make your inference seem
reasonable.

Your test should include making more observations and changing the
specific observations that supported the inference.




COMPETENCY APPRAISAL

Describe additional observations you might make that would test
Inference A from your Competency Appraisal for Task # 11 (Jars of water).

What is your reason?
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BOUNCING BALLS

Task Objective

At the end of this set of activities you should be able to

1. Construct a prediction from a poirt graph by applying
the rules of extrapolation and interpolation.

2. Demonstrate a test of a prediction.

3. Order a set of predictions or inferences based on a
level of confidence.

Task Focus

A group of students were observing the growth of gerbils. They measured
the weight of these gerbils for several days. Here are their results:

Agé of Gerbils (days) Weight of Gerbils (grams)
2 11
4 14
6 i8
8 22
10 23
12 24

A. Construct a point graph of this data. Use Page 2.

B. The manipulated variable in this activity was .

C. The responding variable in this activity was

D. What was the weight of the gerbils at

13 days?
26 days?
7 days?
1/2 day?
birth?

E. Describe how you would find out if ume of your predictions in
"D" was correct.
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F. You made five predictions in “D". List them in order of
greatest confidence you have that they are correct.

Most Confident Least Confident

Task Activities

Taking the balls that are provided for you in the kit,

1. Determine the bounce height of each ball when dropped from
lines 2, 4, and 6. (Please show your vork.)

2. Construct a graph of your results.







3. Using your graph, what would you predict the bounce height
of a
golf ball, from line 5
ping pong ball, from 1ine 3 _
pinik rubber ball, from line 1
golf ball, from line 18

With which predictions do you feel most confident?

Why?

Which predictions were within your range of observation?

Which predictions were outside your range of observation?

A prediction within your range of observation is called an interpolation.

A prediction outside your range of observation is called an extrapolation.

Describe the procedure by which you test a prediction.
What is the difference between a prediction and an observation?
What is the difference between a prediction and a guess?

What is the relationship between predicting and science?

You may wish to read more about predicting on pages 141-160 in the
Commentary for Teachers.

You are now ready for the Competency Appraisal. Please have the in-
structor score-this- as soon as you finish.
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Discussion of Task Focus

A.

You may recall thatyyou need three things in your graph:

1. Tlabel of X axis - days since birth
2. Tlabel of Y axis - weight in grams
3. title of graph - gerbils weight change

The manipulated variable is the one that ycu choose, hence the
days the gerbils were weighed.

The ;esponding variable is the one that you measured, hence the
weight.

24 % grams--since it had been increasing at % grams per day for the
last 3 days.
31 grams--halfway between 6 and 8 days.

20 grams
9% grams--halfway between birth and 2 days
8 grams--~

You would need to be akle to measure the weight of the gerbil
on the day specified,

7 days 13 days L day 26 days birth

You have more confidence for predictions within your range of

observations than for those outside the rangs of observations.

You also have more confidence in those predictions that are closer

to known observations.
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~ Another child comes to you and says he has really been acting like a
scientist. He has been measuring the water height all day (when you weren't
| looking). His results:

Water Height of Jar

[ Time on Window Sill

9:15 A.it, (You went to the 19 cm
Principal's office)

[ 10:10 A4, (P.E. time) 13 cm
11:45 A1, (Lunch time) 16 cm
1:10 P.i1. (You were still in the 4 cm

[ teacher's lounge)
2:15 P.il. (Music time) 1 em

Construct a point graph of his data.

The manipulative variable in this activity was

The responding variable in this activity was

o o o X

What was the water height in the jar in the window sill at:

9:30 A.M.
10:30 A.M.
11:30 AN, /
12: ,

Describe how you vould test your predictions.:

You made six predictions. Order them in terms of greatest confidence you
have that they are correct.

Greatest Leas@
Confidence Confidence
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ARRCUWS

Task QObjective

At the end of this task you shouid be able to

Construct vector diagrams to describe such vector quantities
as displacement, velocity, or force.

Task Focus

Two race car drivers were describing their success. They appeared
to have some difficulty communicating their results, however., George
drove six miles west and Gene drove two miles east. Both started from

the same point and both drove the same time. Draw arrows to describe
their velocity and displacement.

Displacement

Velocity
Arrows

Arrows

The next day's practice was over the sane course.
in six minutes and Gene drove it in two minutes.
their displacement and velocity of this day.

George drove it
Draw arrows to describz

Displacement Velocity
Arrows Arrows

See page 6 for acceptable responses.
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Task Activities

On - .page 3 .. -, mark the position of (0,1), (2,5), (5,5),
and (6,1). Place one of the washers in each of these Jocations.

Wow move the washers from

You may wish to practice several of these pairs and movings.

Place one of the cars at (0,1). iow do what this picture tells
you:

R > 0
(0,1) 15,1)

Practice giving direction to your partner in moving the car to
different locations.

dote the use of the arrow.

1. What does the head of the arrow tell you?

2. Wnat does the line of the arrow tell you?

3. lhat do the number pairs tell you?

Draw an arrow that will picture this event: A garden spider
crawled from (5,2) on the grid to (1,2).

1 llhat information does the arrow tell you?

Suppose the spider then craw]adgfpam(],4) and on to (5,5).
Draw arrows to picture this event.

| What is the total distance he has crawled?

How far is he from where he started?

Q
I

Sj

b LRI

Aruitoxt provided by Eic:
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How far you are from where you started is called displacement.

In what way is displacement different from distance?

Suppose the spider travels from (1,3) to (3,1) to (6,3).

What was his distance traveled?
What was his dizplacement?

. Use the two cars and move thew the same distance. What wiil
their dizplacement arrows look like?

Now make one car move about twice as fast as the nther, but the
same distance. What will their displacement arrows look 1ike?

You may wish to communicate more than displacement with arrows.
Suppose you want the length of the line to describe speed. How would
the arrows now look?

WOTE: In both displacement arrows and velocity arrows, the head
of the arrow tells what direction. The length of the arrow
tells you hoy far from the beginning point (if it is a dis-
olacement arrow) and how fast (if it is a velocity arrow).

If you wish more help on displacement and velocity, please see the
instructor.

Take out the two pieces of papar.'ad one into a ball and kecp Lhe
other one flat. Hold them above you ahead and release tiiew at the
same time.

Draw displacement arrows for this event.

Now draw velocity arrows for this event.
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Take out the two rubber bands and hook your thumbs in each end of
a hand. Hold your left thumb steady on the table and move your right
thumb to the right. ilow hold it. Tell your pariner wWhat 3= happening.

Use arrows to describe what is happening.

Here are two arrows to describe what happened.

(SRR,

y S——
By
Y .
S e .,,1},.

/ 4 el
/ /

What do you think they are describing?

What does the head of the arrow tell you?

What does the line tell you?

De this with a rubber band.

\:
e . r
P A
~

low with a rubber band do this.
D

<
You felt the pull of the rubber band against your thumb. The

rubber band also had the pull of your thumb against it. These pulls
are always in pairs. Are the pairs always equal?

When are they equal?

llhen are they not equal?

Draw arrows to show the pulls or forces necessary to flip a band
across a room.
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Draw arrows to show the forces on the band when it stops.

You may wish to read more on forces and vectors in the Commentary
for Teachers on page 262 (Velocity and Acceleration) and page 265
(Vectors).

You are now ready for the Competency Appraisal. Please have the in-
structor scove it.as soon as you finish.

i rtctoag o oAt b ¢ ot |yt

Discussion of Task Focus

Since a displacement arrow pictures the total distance from a
starting point and its direction, your arrow should Took Tike:

y
N\

i

| Velocity reflects distance/time and the direction. The time was

| not given, but you know that they both traveled the same time, so let's

| say it was six minutes. George's velocity was 6 m/6 min. or 1 m/min west
and Gene's velocity was 2 m/6 min. or 1/3 m/min east. So,

Z
N

74

In the second race,. the displacement wili be the same as the first.
The velocity, however, will change for now George did it in 6 m/6 min or
1 m/min and Gene has speeded up to 2 m/2 min. or 1 m/min. so that their
arrows will be,

N\
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COIPETENCY APPRAISAL

Two jogging enthusiasts were describing their success. They appeared
to have some difficulty communicating their results, however. Captain A
jogged 8 units west and ilajor B jogged 2 units east. They both started
from the same point and were jogging at the same time. Draw arrows to
describe their velocity and displacement.

Disnlacement Velocity
Arrows Arrows

The next day's practice was a repeat over the same course. Captain A
ran it in 8 minutes and Major B ran it in 2 minutes. Draw arrows to describe
displacement and velocity of this day.

Displacement Velocity
Arrows Arrows
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RATES OF CHANGE

Task Objective

By the end of this task you should be able to

Describe an object or event in terms of the
rate of change of a property.

Task Focus

An egg embryo shows marked changes during days 5 to 7 of its
incubation period.

6/ &/

Day 5 Day 7

Describe observable changes in the development of the embryo por-
tion of the egg from day 5 to day 7.

Compute the rate of change for two properties of this embryo.

State the rule for computing the rate of change for a property
of an object.

See page 3 for acceptable answers.

Task Activities

For Event A, Tight a candle and observe it until it goes out.
For Event B, inflate a balloon.

For Event C, place two or three drops of alcohol in your hand
and observe it until it disappears.

List those things about these events which you think are important
to describe,

Event A:
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Event B:

Event C:

Did you describe the length of the time of the event? The size
of the objects or any measurements of the objects?

For each event, identify two properties of objects which changed.

Event Object Properties which Changed
A Candle 1.
2.
B Balloon 1.
2.
C Alcohol 1.
2.

ilow determine the rate of change for each ¢f these six properties:

Event - Property which Changed Rate of Change
A 1. 1
2. 2
B 1. 1
2 2.
C 1. 1
2. 2

State a rule for rate of change.
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You may wish to read more about the Rate of Change in the Commentary for
Teachers on pages 40-58, 244,

You are now ready for the Competency Appraisal. When you have com-
pleted this, please take it tc the instructor to be scored.

Discussion of Task Focus

The embryo changes in length, width, area, and volume.

To compute the rate of change, you would take the length on day 7
minus the length on day 5 divided by two days. Similar for width or area.

Rule: Difference in property/divided by time.

O e ]
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COMPETENCY APPRAISAL

Here are two diagrams of a fir tree at two different ages: one year
and three years.
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Describe the observable changes of the diagram of the tree from one year
of age to three years of age.

bt < b ok i et L

Compute the rate of change for two properties of the tree:
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State the rule for computing the rate of change of a property of an object.
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FRAMES OF REFEREMCE

Task Objective

At the end of this task you should be able to
State and appiy a rule for finding the resultant.

Task Focus

Janice has been practicing her jogging on a moving belt machine.
The belt moves east from the starting switch at 3 meters/minute.

a. - What is Jani¢e's velccity relative to the starting switch
if she jogs east at 1 m/min?

Describe how you could find out using arrows.

b. What is Janice's velacity relative to the starting switch
if she jogs west at 3 m/min?

] Describe how you could find out using arrows.

| c. UWhat is Janice®s volocity relative to the starting switch
ﬁ if she jogs west at 2 /m/min?

Describe how you could find out using arrows.

See page 4 for acceptable responses.

Task Activity

Place the chart paper on the wall and hang the string and chalk
so it can swing freely in front of the chart paper.

Swwing the chalk from one side to the other and catch it when it
is about the same height on the oppesite side from where you released it.
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Draw a displacement arrow for the chalk.

Mow Tet the chalk make a full swing and return. UDraw a displacement
arrow for the chalk.

In what way are the two arrows similar?

Nov let the chalk string from about 9:00 o'clock to 6:00 o'clock.

' In vhat vay are the two arrows different?
| Draw a displacement arrov.

|

:

| tow move the chalk frcm 6:00 o'clock to 3:00 c'clock. Draw a second
| displacement arrov.

Mow dray a displacement arrow for the combination of the tvo trips.

Which of your first arrows is more like this one?

State a rule about how you can "add" displacement arrows.
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Your rule should 4ave included the idea that you take the first
displacement arrow and dray the next displacement arrov from the head
of the first one. The resultant arrow is found by drawing a displacement
arrow from the noint of origin to the head of the last displacement
arrow.

Mark a linc two meters long on the floor. lave your partner prac-
tice walking that line until he can do it in two seconds.

Now }iand your partner a pencil and have him put it in his pocket.
liave him repeat the walking on the line in two seconds.

What is your partner's suced?
What is the specd of the nencil?

(You may wish to think about your pa/ticr's speed and the pencil's
sneed relative to the room. Thus, relative to your nartner, the pencil
did not move or did it?)

In the room vou will find displaved a transparcncy of a diagram of
a boat and a lighthousa.

Consider the ship and its three nassengors. The ship's velocity is
4 m/s2cond duc east. Passonger A s a track coach standing motionless
on the dock. B and C are his charges whom ha has ordered to run about the
the deck. Fach is moving at 5 m/second with rospéct to the ship. B is
headed mast. Using 1 cm = 1 m/second, draw arrows to show B's velocity
vzlative to the lignthouse.

What is B's volocity rclative to the lighthouse?
What rule did you usc to heip you find the resultant velocity?

Now let's consider passongzr C. He is moving 5 m/sec. westward.
Draw arrows and find his volocity relative to the lighthousc.

State the rule by which rosultant velocity is found.

We have boen describing rclative valocity as we have described
passcngers B and C's volocity. What do you think is meant by the torm
"ralative motion?"

You may wish to rcad morc about velocity in the Commentary for
Teachars on nagos 262 and 265.
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You arc now rcady for the Competoncy Appraisal. Pleasc take it to
the instructor to be scored vhen you have finished.

Discussion of Task Focus

A. Relativa to the starting switch, Janice would be moving 4 meters/
minute cast. Arrows would be:

— \

Bolt ’ J%nice

| 3|

B. Relative to the starting switch, Janice would be moving 2 moters/
minute cast. Arrows would bo:

N

Balt
e
- Janice

e}

C. Polative to the starting switch, Janice would be moving 5 meters/
minute. Arrows would bo:

N/

. >
Belt Janice

o

*.. e om0 p;




COMPETENCY APPRAISAL

A "moving sidewaik"” has recently been installed in an airport.
It moves west at 2 meters/minute. Several children were having fun
walking on the moving sidewalk. " ' b

A. What is the boy's velocity, relative to the gate at the beginning
of the moving sidewalk, if he walks west at 10 m/minute?

Answer

Describe how you could find out using arrows:

[ B. Uhat is the boy's velocity relative to the west end of the meving
i sidewalk if he walks east at 2 m/minute?

F Answer

{ Describe how you could find out using arrows:

C. What is the boy's velocity relative to the west end of the moving
sidewalk if he walks east at 4 m/minute?

Answer

Describe how you could find out using arrows:
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CANDLES AND WATER

Task Objective

At the end of this task you should be able to
1. Given a set of data and a set of statements about
that data, distinguish between those statements
of fact and those of .aterpretation.

2. Construct a systematic analysis of an event when
given a set of data about that event.

Task Focus

In this chart, the results of baking two cakes in ovens at 350°
and 450° are given.

Time after Putting Height of Cake
Cake in Oven from Base of Pan
(minutes) 350° 450°
0 3 cm 3 cm
2 3 cm 3 cm
4 4 cn 5 cm
6 6 cm 9 cm
8 10 cm 17 cw
10 18 cm 20 cm
20 18 cm 19 cm
A. Based on the information qiven, code the statements in the
following:
F for those that are Facts
1 for those that are Interpretations

1. The cake rises higher in 450° than in 350°.
2. The ovens were different sizes.

3. At 4 minutes the cake in the 350° had risen less
than the cake in 450°.

4. Both cakes were chocolate.
5. Both cakes had eggs in them.

6. At 10 minutes, both cakes had reached their
greatest height.
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7. The cakes were baked in ceramic pans coated with
Teflon.
8. The oven door was not opened during the experiment.

9, The cakes rose at about the same rate.

B. Construct a systematic analysis of the experiment.

Event Jbjects in the System

When heat is added
to cake batter,

it will increase in
height.

Ci-B ™D —

[
On page 6 you i1l find aécuntabIe responscs.
Task Activities

In your materials, you will find several objects. If you were to
put water in tiie can and then heat it with the candle, in what way do
you think the system would be different?

Suppose you said that the femperature of the water would go up.
List three reasons that might affect the temperature of water rising.

1.
2.
3.

Which of these statements are factual observations and which are
interpretations?

Put 50 m1 of water in the can. Jow 1ight the candle and place the
can on tne stand above the candle. Record the temperature for 10 minutes
at two minute intervals. Wake a graph of your results.

Attached are % graphs of four other groups who have also done
this experiment..

In what way is your graph similar to these?

In what way is your graph different from these?
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What was the initial temperature for your graph?
Group A?
Group B?
Group C?
Group N?

llhat was the final temperature on your agraph?
Group A?
Group B?
Group C?
Group D?

What was tha total change in temperature on your graph?
Group A?
Group B?
Group C?
Group D?

{1

What was the rate of“change for temperature for
your graph?

Group A?
Group B?
Group C?
Group D?
List five reasons for the differences in the graphs.

1.

2.

3.

4.

5.

These are reasons for differences in wiat event?

Describe the event i Now Tist the objects in your system.

NSO W —
L ] [ L ] » [ 4
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Look back at your first reason. What chject(s) in the system do
you think is most closely related to the event for that reason?

Look back at the data for Groups A, B, C, and D. In which group
was the change the least? the most?

Order the groups from the least to the most change.

Now make a graph of this new organization of the data. Use page 7.

Suppose you know that the amount of water in B is 50 ml.
D is 100 ml.
A is 150 ml.
C is 200 ml.

Relahal the X axis of your graph in volume.

Predict the change in 10 minutes for 275 mls. of water.

Predict the change in 10 minutes for 600 mls. of water.

You are now ready for the Competency Appraisal. Please have the
instructor score it as soon as you finish.

L e LI R

Discussion of Task Focus

A. Your answer should be

1. F

2. I

3. F

4. 1

5. 1

g. ? (as far as the data shows)

8. I

9. F (If you graph the results, you will see that the cake

rose twice as much each two minutes as it did in the
previous two minutes.)

B. Your objects should include !

1. type of cake (or specific ingredients)

2. type of pan

3. type of oven

4. maybe even include the person doing the experiment.
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fi COMPETENCY APPRAISAL

This chart describes the result of putting 50 seeds in incubators at
20°C and 30°C.

Time after putting Tatal number of seeds that had
seeds in incubator. germinated up to a certain time.
Hours 20° C Incubator 30°C Incubator
0 0 0
3 0 C
6 0 1
9 1 10
12 5 39
15 23 47
18 36 48
‘ 21 41 48
‘ 24 44 48
i 27 47 48
_ 30 47 48
TASK I:
Based on the information given, code the statements in the fol-
Towing 1ists with™ "~ "7~
_F_ for those that are Facts.
1 for those that are Interpretations.

1. ilore seeds germinate in the 30°C incubator than in the 20°C
incubator.

The incubators were the same size.
At 6 hours germination was observable in the 30°C incubator.

2

3

4. The number of seeds in the incubators were the same.

5. A1l seeds in the incubator had the potential for germination.
6

At 15 hours nearly twice as many sceds had germinated in the
309 incubator.

7. Lima bean seeds were used for this experiment.

A———— oL ee

1




3. Uater was added every 4th hour to a container inside the
incubators.

9. At 27 hours the seeds in both incubators had germinated
about the same.

TASK IT:
Construct a system analysis of the experiment.

Event Dbjects in the System

Heat affects the germi-
nation of sweads.
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How for your First question, which opject in the system will you
change?

Which objects will you keep the same?

How do you think the change will affect the event?

What will you measure?

How will you record your results?

Repeat this plan for your second gquestion.

hat objects to change?

What objects to keep the same? _

How will the event be different?

What will be measured?

How will it be recorded?

Now plan an experiment for your third question.




In your investigation, Tist those parts of it which will require

you to

1.

2.

What is the role of these skills in using information in the
teaching and learning of science in the elementary school?

e ot

You may wish to read more on the phiiosephy of teaching icience in
the Commentary for Teachars on pages 1-7 and 157-211.

You are now ready for the Competency Appraisal. Please have the
instructor score this as soon as you finish.

# 18, Page 3

Observe

Describe your observations by using space/time relationships

by Classifying

by ‘Graphing

Comparing vour observations thicugh measurement

Pescribing an event

Reasoning about your observations

by Inferring

by Predicting

Constructing an operational definition
Identifying and controlling variables
Interpreting data

Formulating hypotheses
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Discussion of Task Focus

Your questions should include one of the objects in the system
and ask how that object affects tie event. ;

Your design should include changing that specific object in at ;
Teast three ways and keeping all the other objects in the system the |
same, and then measuring the event to see if changing the object will
r=sult in a cnanged event,
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COMPETENCY APPRAISAL

Describe one question which your analysis of the seeds and incubators
experiment in the Cempetency Appraisal of Task # 17 suggests that you
can investigate further.

What would you do to find your answer to that question?




EXPERIVENT COAPLETED--S0 WHAT?

Task Objective

At the end of this task you should be able to

State a question which can serve as a basis for
further investigation and to describe a plan for
investigating that question.

Task Focus

Refer back to your analysis of the cake experiment in Task # 17.

Describe one question your analysis suggests that you could
investigate further.

What would you do to find out the answer to that question?

See page 4 for Discussion of Task Focus.

Task Activities

After a scientist finds out new information about a system, what
does he then do?

Look back at your analysis of the system of the candle and water.
Based on the new data you have on the relationship of volume of water
to temperature change, write three new questions for investigation.

| 1.
2.

3.




