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MATHEMATICS

CONCEPTS INVENTORY

(v7 - August, 2003)

STUDENT DIRECTIONS:

¥  Do NOT write anything on this test booklet.  Please mark your responses on

Answer sheet only.

¥  Mark only ONE correct answer for each question.

¥  Do NOT skip any questions.

¥  If you do not fully understand what is being asked in a particular question,

please ask the teacher for clarification.

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO

This inventory is based on an instrument developed by the Physics Underpinnings Action

Research Team; Arizona State University; June, 2000.
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1. Suppose you are given two clay balls of equal size and shape.  The two clay balls also weigh

the same.  One ball is flattened into a pancake-shaped piece.  Which of these statements is

correct?

a. The pancake-shaped piece weighs more than the ball.

b. The two pieces still weigh the same.

c. The ball weighs more than the pancake-shaped piece.

2. The above is true because

a. the flattened piece covers a larger area.

b. the ball pushes down more on one spot.

c. when something is flattened it loses weight.

d. clay has not been added or taken away.

e. when something is flattened it gains weight.

3. To the right are drawings of two identical cylinders filled to the same level with water.

Also shown at the right are two marbles, one glass and one

steel.  The marbles are the same size but the steel one is

much heavier than the glass one.

When the glass marble is put into Cylinder 1 it sinks to the

bottom and the water level rises to the 6th mark.  If you

put the steel marble into Cylinder 2, the water will rise

a. to the same level as it did in Cylinder 1

b. to a higher level than it did in Cylinder 1

c. to a lower level than it did in Cylinder 1

4. The above is true because

a. the steel marble will sink faster.

b. the marbles are made of different materials.

c. the steel marble is heavier than the glass marble.

d. the glass marble creates less pressure.

e. the marbles are the same size.
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5. Below are drawings of a wide and a narrow cylinder. The cylinders have equally spaced

marks on them. Water is poured into the wide cylinder up to the 4th mark (see A).  This

water rises to the 6th mark when poured into the narrow cylinder (see B).

Both cylinders are emptied (not shown) and

water is poured into the wide cylinder up to the

6th mark. How high would this water rise if it

were poured into the empty narrow cylinder?

a. to about the 8
th

 mark

b. to about the 9
th

 mark

c. to about the 10
th

 mark

d. to about the 12
th

 mark

e. none of these answers is correct

6. Question number 5 is true because

a. the answer can not be determined with the information given.

b. it went up 2 more before, so it will go up 2 more again.

c. it goes up 3 in the narrow for every 2 in the wide.

d. the second cylinder is narrower.

e. you must actually pour the water and observe to find out.

At the right are drawings of three metal weights hanging from

strings attached to a bar. hanging from a bar. String 1 and String

3 are the same length.  String 2 is shorter.  A 10 unit weight is

attached to the end of String 1.  A 10 unit weight is also

attached to the end of String 2.  A 5 unit weight is attached to

the end of String 3.  The weights can be swung back and forth

and the time it takes to make a swing can be timed.

7. Suppose you want to find out whether the length of the string

has an effect on the time it takes to swing back and forth.

Which strings would you use to find out?

a. only one string

b. all three strings

c. strings 2 and 3

d. strings 1 and 3

e. strings 1 and 2

8. This is true because

a. you must use the longest strings.

b. you must compare strings with both light and heavy weights.

c. only the lengths differ.

d. you should make all possible comparisons.

e. the weights differ.
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9. The table below shows the relationship between the variables x and y.

x y
4 4

6 5

10 7

14 9

Which rule describes the relationship between x and y?

a. y x=
b. y x= −2 2

c. y x= +1
2

2

d. y x= −2

10. The graph below shows the distance traveled before coming to a stop after the brakes are

applied for a typical car traveling at different speeds.

A car traveling on a street stopped 30 meters after the brakes were applied.  About how fast

was the car traveling?

a. 10 km per hour

b. 40 km per hour

c. 55 km per hour

d. 68 km per hour
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11.  The graph shows the progress made by an ant moving in one direction.

If the ant keeps moving at the same

speed, how far will it have traveled at

the end of 30 seconds?

a. 5 cm

b. 6 cm

c. 20 cm

d. 30 cm

12. The graph at right is a representation of

the position-time behavior for a boy

riding a bicycle.  Which of the statements

below is the best interpretation of this

motion?

a. The boy rode to the right for 8

seconds, then turned around and rode

back toward where he started.

b. The boy sped up, and then he slowed

down.

c. The boy rode at a constant fast speed

for 8 seconds, then at a constant

slower speed for 8 seconds.

d. The graph is not a meaningful

representation of the boy s motion.
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13. What is the best estimate of the area of the figure at

right?

a. 28 square units

b. 41 square units

c. 47 square units

d. 54 square units

14. What is the volume of the object below (in unit cubes)?

a. 17

b. 23

c. 27

d. 29

15. Suppose you are moving to the right at 5 m/s.  A timer starts the watch when you are 2 m

from the starting line.  Which equation best describes your position as a function of time?

starting
line

a. p = 2t + 5

b. p = 5t + 2

c. p = 5t — 2

d. p = 5t
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16. You are measuring the length of objects in the lab with the ruler below. Which of the

following best expresses the width of the business

card?

a. 5 cm

b. 5.0 cm

c. 5.05 cm

d. 5.50 cm

17. Your friend s math scores for the grading period are:

10;  50;  75;  80;  82;  97

Your friend s lowest score of 10 will not be counted in his final grade. Which mean is higher, the

mean of the final five scores or the mean of the original six scores?

a. The final mean is higher.

b. The original mean is higher.

c. The means are equal.

d. The relationship cannot be determined.

18. Which equation could be used to model the scatter plot?

a. y = -x + 1

b. y = x + 1

c. y = x — 1

d. y = x + 3
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19. Here is a graph of an object s motion.  Which sentence is a correct interpretation?

a. The object rolls along a flat surface.  Then it rolls forward down a hill, and then 

finally stops.

b. The object doesn t move at first.  Then it rolls forward down a hill and finally stops.

c. The object is moving at a constant velocity.  Then it slows down and stops.

d. The object doesn t move at first.  Then it moves backwards and then finally stops.

In an experiment, a lab group graphed the mass and volume of samples of two substances,

A and B to determine the density of each. density
mass

volume
=

20. Which of the statements about the substances is correct?

a. The density of substance B is about 6 g/cm
3
.

b. A 6 cm
3
 sample of A is has greater mass than a 6 cm

3
 sample of B.

c. The density of substance A is greater than the density of substance B.

d. A 20 g sample of A has a larger volume than a 20 g sample of B.
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21. Which of the following statements about the object s motion is true?

I.  The object s initial position is 0.

II. The object ends its trip where it began.

III. The object changes direction.

IV. The object’s maximum position is 4

a.  I only

b.  II only

c.  I and II

d. II, III, and IV

Consider the position-time graph below for the next two questions.
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22. What is the speed of object B?

a. 2.5 m/s

b. 3.0 m/s

c. 4.0 m/s

d. 5.0 m/s

23. Which of the following statements about the motion of object A is true?

a. Object A starts at the origin.

b. Object A is faster than object B.

c. At about 2.5 s, object A passes object B.

d. All the above are true.
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Key to the Math Concepts Inventory

Item Answer MPS

Unit

Concept Original source of question

1 B 2 Mass conservation Lawson Reasoning Test

2 D 2 Mass conservation Lawson Reasoning Test

3 A 1 Volume by displacement Lawson Reasoning Test

4 E 1 Volume by displacement Lawson Reasoning Test

5 B 1 Volume, Proportions Lawson Reasoning Test

6 C 1 Volume, Proportions Lawson Reasoning Test

7 E 1 Control of variables Lawson Reasoning Test

8 C 1 Control of variables Lawson Reasoning Test

9 C 1 Equation from data

10 C 2 Graphing skills-interpolation

11 B 1 Graphs-extrapolation TIMSS (Science)

12 D 1 Functions

13 C 1 Area PHS534

14 C 1 Volume PHS534

15 B Equation from diagram PHS534

16 C Precision in measurement

17 A Mean AIMS Math

18 B Equation from graph AIMS Math

19 D Interpreting graphs TUG-K

20 D 1 Graphical interpretation PHS534

21 D 1 Position-time graph Sim-Calc

22 B 1 Position-time graph PHS534

23 D 1 Position-time graph PHS534


