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Grade 11 – Form S	 Science Sample Items

	 3	 M-STEP

WAIT  

DIRECTIONS
You will be taking the Grade 11 Science M-STEP Sample Items test. This sample test includes 
passages and pictures that you will read and use to answer different types of questions. Some of 
the items give the student a model with the answer options provided in the answer document. 
For this reason, a separate answer document has been provided for practice. An answer key is 
provided on page 16 of this sample test booklet.

A Periodic Table of the Elements has been provided for your reference on the next page. 

Carefully read each passage and look at each picture before answering the questions that follow. 
Mark your answers in your Answer Document. with a No. 2 pencil. If you erase an answer, be 
sure to erase it completely. Remember that if you skip a question in the test booklet, you need 
to skip the answer space for that question on the Answer Document. If you are not sure of an 
answer, mark your best choice.

When you come to the STOP sign, you have finished the test. If you finish early, you may go back 
and check your work. Check to make sure that you have answered every question.

It is important to do your best on this test so your teacher and school can know how much you 
have learned this school year.
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GO ON  
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	 5	 M-STEP	 5	

GO ON  

Read the passage, look at the pictures, and answer the questions.

Atmospheric Changes over Time

The gases that make up Earth’s atmosphere have changed over time. Scientists measure the levels 
of carbon dioxide (CO2) in Earth’s atmosphere. The simplified Carbon Cycle Model shows locations 
where carbon is stored and processes that move carbon from one location to another.

plants and soils
2,000 GtC

6.3 GtC/year
 fossil fuel
  combustion
    and industrial
      processes

Carbon Cycle Model

88
GtC/year
diffusion

90
GtC/year
diffusion

Atmosphere 730 GtC

ocean
38,000 GtC

119
GtC/year
cellular 

respiration

120
GtC/year

photosynthesis

GtC = gigatons of carbon
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GO ON  

1	 Scientists can use carbon cycle models to help make predictions about the amounts of carbon 
in different locations. Use this Carbon Cycle Model to identify all the processes that would 
decrease CO2 in the atmosphere if the rates of these processes were to increase.

A	 photosynthesis

B	 cellular respiration

C	 fossil fuel combustion

D	 diffusion into the ocean

E	 diffusion into the atmosphere
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	 7	 M-STEP	 7	

GO ON  

2	 This question has two parts.

The graph shows data about atmospheric CO2 concentrations collected in Mauna Loa, Hawaii, 
since 1960.
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Average Atmospheric CO2
Concentration at Mauna Loa

Use the data and the Carbon Cycle Model to explain the pattern of atmospheric CO2 
concentrations over time.

Part A

The data show that atmospheric CO2 concentrations have ________ over time. 

A	 increased

B	 decreased

C	 stayed the same

Part B

This pattern is most likely due to the process of _________ .

A	 photosynthesis

B	 cellular respiration

C	 fossil fuel combustion

D	 diffusion into the ocean

E	 diffusion into the atmosphere
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GO ON  

3	 This question has two parts.

Scientists think that Earth’s early atmosphere was different from Earth’s current atmosphere 
due to a large amount of volcanic activity. Scientists analyze oxygen (O2), carbon dioxide 
(CO2), and water (H2O) from recent volcanic activity to make inferences about the presence of 
these gases in Earth’s early atmosphere.

Gases Recent Volcanic 
Activity  

used to estimate 
Earth’s early 
atmosphere

Current 
Atmosphere

O2 0.0% 21.0%

CO2 2.0% Trace amounts

H2O 96.0% Trace amounts

Other gases 2.0% 79.0%

Scientists estimate that the first land plants developed on Earth about 450 million years ago 
and changed Earth’s atmosphere drastically.

Complete the statements to describe the role of plants in changing Earth’s atmosphere.

Part A

The amount of _________ in the atmosphere has increased over time. 	

A	 water

B	 oxygen

C	 carbon dioxide

Part B

This is because of the process of ________ .

					         A	 photosynthesis

					         B	 cellular respiration
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	 9	 M-STEP	 9	

GO ON  

Read the passage, look at the pictures, and answer the questions.

Atmospheric Changes over Time (continued)

Students study how changes in Earth’s atmosphere affect Arctic sea ice.

2000
sea ice

2012
sea ice

Changes in Arctic Sea Ice Boundaries
2000–2012

The students notice that the maps show liquid water and land in addition to sea ice. They 
perform an investigation to determine if solar radiation affects water and land differently.

Investigation Materials

•	 water to model the ocean

•	 soil to model the land

•	 heat lamp to model the sun

•	 equal volumes of water and soil

The heat lamp was turned on for 10 minutes and then turned off.

thermometers

heat lamp

soilwater

Investigation Setup
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4	 This question has three parts.

The graph shows the data collected during the investigation.
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Temperature of Water and Soil Over Time

Part A

Based on the graph, which statement best explains the difference in the temperature pattern 
between the substances?

A	 Water absorbs and stores more energy than soil.

B	 Soil absorbs and stores more energy than water.

C	 The same amount of energy changes the temperature of soil less than it changes the 
temperature of water.

D	 The same amount of energy changes the temperature of soil more than it changes the 
temperature of water.
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	 11	 M-STEP	 11	

GO ON  

Part A

Based on the graph, which statement best explains the difference in the temperature pattern 
between the substances? 

A	 Water absorbs and stores more energy than soil.

B	 Soil absorbs and stores more energy than water.

C	 The same amount of energy changes the temperature of soil less than it changes the 
temperature of water.

D	 The same amount of energy changes the temperature of soil more than it changes the 
temperature of water.

Complete the statements that best use evidence from the investigation to support the 
explanation chosen in Part A.

Part B

The water had ________ increase in temperature when the heat lamp was on. 

A	 a large

B	 a small

C	 no

Part C

The water had ________ decrease in temperature when the heat lamp was turned off.

A	 a large

B	 a small

C	 no
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5	 This question has two parts.

The students decided to modify the original investigation to answer a new question.

New Question: Does reflection of solar radiation have a role in the changing amount  
of sea ice?

Part A

Choose one modification that would best help to answer the new question. 

A	 Move the heat lamp farther away from the cup of water and the cup of soil.

B	 Place a thin sheet of metal on top of a second cup of water, and put it under the heat 
lamp for ten minutes. Then, compare the water temperature of the two cups. 

C	 Place a sheet of dark colored paper on top of a second cup of water, and put it under the 
heat lamp for ten minutes. Then, compare the water temperature of the two cups. 

Part B

Choose one reasoning statement that supports the modification.

A	 Covering the cup of water represents snow and would reflect light from the heat lamp.

B	 The position of the heat lamp would affect how much energy reaches substances in the 
cups before the energy is reflected by each of the substances.

C	 The material used to cover the cup would absorb energy that would be reflected by the 
substance in the other cup. 

D	 The heat lamp represents the energy from the sun during winter when there is less solar 
radiation being absorbed and reflected by surfaces on Earth.
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	 13	 M-STEP	 13	

GO ON  

6	 The map below shows the absorbed radiation trend in the Arctic from 2000–2012. To 
determine the trend, scientists measured the amount of solar radiation absorbed by the 
atmosphere above the Arctic. Scientists claim that the amount of solar radiation absorbed by 
Earth’s surface is related to the amount of sea ice covering the surface.

Select the area on the map that shows evidence that would best support this claim.

 
Net Change in Solar Radiation Absorption by the

Atmosphere above the Arctic (2000—2012)

0 watts/meter2

22.5 watts/meter2

45 watts/meter2

–45 watts/meter2

(decrease in absorption)

(no change in absorption)

(increase in absorption)

(increase in absorption)

A B

C

D

A	 Area A

B	 Area B

C	 Area C

D	 Area D
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GO ON  

7	 This question has three parts.

Read the excerpt below.

In 2007, the U.S. Geological Survey estimated that the 
global polar bear population will shrink to a third of its 
current size by 2050, due to loss of habitat and less access 
to prey. “Polar bears are declining because they use sea 
ice as hunting platforms to catch their primary prey, seals. 
But when that ice is there, it’s really jumbled up due to 
freezing and refreezing events. The seals may be there, 
but the polar bears can’t get to them. The observed loss of 
sea ice in the Arctic has been greater than earlier climate 
models. We’re losing ice faster than forecasted.” 

 —Jeff Bromaghin, U.S. Geological Survey statistician

Part A

Based on the excerpt and your knowledge of atmospheric changes, complete the model by 
choosing the correct label to show the relationship between solar radiation absorption and the 
decreasing amount of sea ice that affects the polar bears’ access to prey in the Arctic.

in reflection of
solar radiation

in amount of
sea ice 

in water
temperature 

in absorption of
solar radiation 

A

1

2

3

decrease

B

decreaseincrease

Each option may be used more than once. You may use this model as a workspace. Be sure to 
mark your answers in your answer document.
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You have reached the end of the test.

If you finish early, you may go back and 
check your work.

Use the model in Part A to explain how atmospheric changes are affecting polar bears’ access 
to prey in the Arctic.

Part B

The model shows a decrease in sea ice due to ________in the atmosphere. 

A	 increased O2

B	 increased CO2

C	 decreased O2

D	 decreased CO2

Part C

The change in the amount of sea ice prevents ________ from accessing their prey,

A	 seals

B	 polar bears

leading to ________ in their population.

C	 an increase

D	 a decrease
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Answer Key

1.	 A, D
2.	 Part A — A
		  Part B — C
3.	 Part A — B
		  Part B — A
4.	 Part A — D
		  Part B — B
		  Part C — C
5.	 Part A — B
		  Part B — A
6.	 C
7.	 Part A 
			   Box 1— B
			   Box 2— A
			   Box 3— A
		  Part B — B
		  Part C — B, D
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