
 

 

Advanced Manufacturing &  
Human Performance 

Pollution Effects on Plant Growth  

Grade Levels: 7th – 8th   

Academic Content Area: Science, Technology, Engineering, & 
Mathematics  

Topic: Scientific Ways of Knowing; Measurement; and Data 
Analysis and Probability  

Main Problem:  
As people participate in the daily activities of their lives, how do the results of their activities 
impact plant life? 

Summary:  
As industries transition from assembly lines to advanced manufacturing, there are more 
machines being utilized in the manufacturing and assembly process. These machines, as all 
machines do, require lubricants to run smoothly and efficiently. Owners also use chemical 
liquids to clean the machines periodically to maintain their performance. Once these lubricants 
and industrial cleaners are used, how and where are they disposed? There are laws governing 
this to protect our environment and there are check systems set up to ascertain that the laws 
are being upheld. But what about individual consumers; how well are we protecting our 
environment?  

This investigation is designed to determine if the things we use on a daily basis to make our 
machines work efficiently can adversely affect the natural world around us.  Students will 
experiment to determine if typical liquids used and disposed of during basic car maintenance 
have a negative effect on plant life.  They may use motor oil, transmission fluid, antifreeze, and 
soapy water to represent fluids that are used in the driveway or at the curb of a home while 
someone is cleaning and/or maintaining their vehicle.  Students will discover that care must be 
used in the disposal of toxic liquids so that plant life is not destroyed. 

Big Ideas / Focus:  
A toxin is a harmful, destructive, or poisonous substance. 

People should avoid using toxic substances whenever possible because of the potential harm 
they can cause to the user, others that may come in contact with the toxins, and the 
environment.  When it is necessary to use a toxic substance, it is important to follow the 
cautionary instructions on how to handle the substance and how to properly dispose of the 
substance.  This will minimize or eliminate the harm that substance can cause. 

Much of our air and water pollution comes from many different sources and is often difficult to 
trace. 
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Care must be used in the disposal of toxic liquids to protect plant and animal life and prevent 
the contamination of groundwater.   

Humans will continue to improve our lives through inventions and technological improvements, 
but as we do, we must be aware and concerned about the effects of these advances on the 
natural world in which we live.  We must gather information through observations, the use of 
our five senses and/or measurement; make inferences or hypotheses based on our 
observations; design experiments that will reduce or eliminate bias (an influence that distorts or 
changes the results of our experiment); and properly interpret the results of the experiment. 

Prerequisite Knowledge:  
Students should have a solid understanding of observation and inference. 

Using newspaper pictures without the captions is a good way to have the students review 
observations and then make a reasonable inference based on these observations.  

Students should have some understanding of bias and how it can affect an experiment's 
results.  Doing a simple probability experiment is an easy way to review or introduce bias and 
its reduction by repeated experimentation. 

Students should know how to use MS Excel to make graphs. 

Standards Connections:  
Content Area: Science 

Scientific Ways of Knowing Standard 
Students realize that the current body of scientific knowledge must be based on evidence, be 
predictive, logical, subject to modification and limited to the natural world. This includes 
demonstrating an understanding that scientific knowledge grows and advances as new 
evidence is discovered to support or modify existing theories, as well as to encourage the 
development of new theories. Students are able to reflect on ethical scientific practices and 
demonstrate an understanding of how the current body of scientific knowledge reflects the 
historical and cultural contributions of women and men who provide us with a more reliable and 
comprehensive understanding of the natural world. 

Grade 7 - Benchmark B: Explain the importance 
of reproducibility and reduction of bias in scientific 
methods. 

1.  Show that the reproducibility of results is essential to 
reduce bias in scientific investigations. 

2.  Describe how repetition of an experiment may reduce 
bias. 

Grade 8 - Benchmark B: Explain the importance 
of reproducibility and reduction of bias in scientific 
methods. 

2. Explain why it is important to examine data objectively 
and not let bias affect observations. 

Content Area: Mathematics 

Measurement Standard 
Students estimate and measure to a required degree of accuracy and precision by selecting 
and using appropriate units, tools and technologies. 

Grade 7 - Benchmark D: select a tool and 
measure accurately to a specified level of 
precision. 

5. Analyze problem situations involving measurement 
concepts, select appropriate strategies, and use an 
organized approach to solve narrative and increasingly 
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complex problems. 

Data Analysis and Probability Standard 
Students pose questions and collect, organize, represent, interpret and analyze data to answer 
those questions. Students develop and evaluate inferences, predictions and arguments that are 
based on data. 

Grade 7 - Benchmark A: read, create and use 
line graphs, histograms, circle graphs, box-and-
whisker plots, stem and leaf plots, and other 
representations when appropriate. 

1. Read, create and interpret box-and-whisker plots, 
stem-and-leaf plots, and other types of graphs, when 
appropriate. 

Grade 7 - Benchmark E: collect, organize, 
display and interpret data for a specific purpose 
or need. 

 

8. Design and conduct an experiment to test predictions, 
compare actual results to predicted results, and explain 
differences. 

 

Grade 8 - Benchmark A: Create, interpret, and 
use graphical displays and statistical measures 
to describe data. 

 

1. Use, create and interpret scatter plots and other types 
of graphs as appropriate. 

 

Grade 8 – Benchmark F: Construct convincing 
arguments based on analysis of data and 
interpretation of graphs. 

9. Construct convincing arguments based on analysis of 
data and interpretation of graphs. 

 

Grade 8 - Benchmark B: Explain the importance 
of reproducibility and reduction of bias in 
scientific methods. 

2.  Explain why it is important to examine data 
objectively and not let bias  
affect observations. 

Preparation for activity  
1. Lab groups of 4 students are needed. 

2. Materials for the lab should be organized and ready. 

a. Directions for making solutions: 
i. The 100% soapy water solution is a mixture of  

1. 1000 mL water with 40mL dishwashing soap. 
ii. To make a 25% solution: 

1. 200 mL of each 100% liquid + 600 mL of water 
2. Pour 400 mL of this solution in a jar and label it. 

iii. To make a 12.5% solution: 
1. 400 mL of each 25% solution + 400 mL of water. 
2. Pour 400 mL of this solution in a jar and label it. 

iv. To make a 6.25% solution: 
1. 400 mL of each 12.5% solution + 400 mL of water. 
2. Pour 400 mL of this solution in a jar and label it. 

v. To make a 3.125% solution: 
1. 400 mL of each 6.25% solution + 400 mL of water. 
2. Pour 400 mL of this solution in a jar and label it. 

b. Germination Methods 
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i. Moisten a piece of filter paper or coffee filter with water or solution.  Place seeds on 
one side of the paper.  Fold the other half over the seeds.  Place in a plastic 
sandwich bag.  Label the bag. 

ii. Label a plastic Petri dish.  Moisten a piece of filter paper with water or solution.  
Place seeds in the dish.  Put the lid on the dish.  The dish can be placed in the cut-
off bottom of a 2L pop bottle.  The solution needed to moisten the paper can be 
poured into the bottle bottom.  This method will self-water the Petri dish if the dish is 
placed in a slanted position. 

iii. Pour 2-3 cm of water or liquid into a glass jar or beaker.  Line the inside wall of the 
jar or beaker with a half sheet of a paper towel.  Fill the core of the jar or beaker with 
crumpled newspaper to hold the towel in place.  “Plant” the seeds between the glass 
wall and the paper towel. 

iv. Cover the bottom of a tray with 2-3 layers of paper towels or a combination of 
newspaper and paper towel.  Dampen the paper but don’t soak it.  Place seeds on 
the top layer.  Place the tray in a sealable plastic bag. 

v. Use an egg carton lined with paper towel pieces.  Label on the inside of the carton 
lid. 

3. Students should have data tables ready to record final day observations. 

4. Students should have lab books set up to record daily data. 

Critical Vocabulary  
toxin – a substance that accumulates in living systems and causes harm 

toxicology – the study of the adverse effects of chemicals on living systems, whether they be 
human, animal, plant, or microbe. 

bias – an influence that distorts or changes the results of an experiment.  Material or the 
procedure can be biased. 

qualitative observations – information gathered through the five senses. 

quantitative observations – information gathered by measurements 

inference – a decision made based on observations 

germination – a series of events that results in the growth of a plant from a seed. 

radical – emergence of primary root 

cotyledon – first leaves that appear in a dicot.  They are the energy source for the seedling 
until it begins the photosynthesis process. 

point source pollution –- occurs from a single, identifiable source such as an oil tanker spill. 

nonpoint source pollution – comes from many different sources so it is difficult to trace such 
as chemical fertilizers that  runoff into streams, lakes, and wetlands and/or seep 
into the ground and then into groundwater. 
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Timeframe  

Day Daily Time Allotment Activities 

1 50 minutes Pre-Test 

Discuss the problem in lab groups and together as a class. 

2 50 minutes Lab groups need to make decisions following lab guide 
directions or follow teacher directions to set-up lab book if you 
are using a more teacher guided approach. 

3 50 minutes This day is probably needed to continue getting lab write-up 
completed through procedure and data table setup. 

4-14 10-15 minutes Students will observe and record data at the beginning of each 
class period. 

15 50 minutes Students will graph and analyze their data. 

16-17 50 minutes Students will draw conclusions and if choosing a final product, 
begin to write a letter or create a brochure. 

Post-Test 

Materials & Equipment  
lab books and copies of student generated daily data tables  

seeds - grass / soybean 

containers and other supplies needed for germination (three choices are listed here) 

1. plastic Petri dishes, markers, filter paper, bottoms of 2L pop bottles 

2. trays, plastic wrap, markers, newspaper, paper towels 

3. glass beakers or jars, markers, newspapers, paper towels 

motor oil, antifreeze, dishwashing soap (determine the % solutions needed - they should be 
mixed and ready in labeled jars) 

metric ruler 

other handouts needed  

1. student lab guide 

2. final day data record sheet - if computers are available for the students, they will need 
to get this set up and saved on Excel 

3. qualitative checklist data record sheet for purpose of comparison with other groups 
(this can also be created by students on Excel and saved) 
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Safety & Disposal  
Latex gloves for students who may find skin contact with the motor oil and antifreeze irritating. 

Students should wash hands any day they have contact with the motor oil or antifreeze. 

At the end of the experiment, the antifreeze and motor oil should be disposed as directed on 
the container. 

Pre-Activity Discussion  
The use of a video clip from http://www.teachersdomain.org to introduce the lesson.  Students 
should be asked what they think the critical vocabulary words mean.  Have them write these in 
their science notebooks.  Ask for volunteers to share their responses.  Discuss student 
responses first, and then have students look up the definitions.  These definitions can be 
written in the Pre-lab section of their lab notebook or in their science journals.  Discuss actual 
definitions and compare prior knowledge with factual knowledge.  Make sure students feel 
comfortable with working definitions. 

Assignment of Student Roles and Responsibilities 

Students will assume different roles  

Role Name Brief Description  

Manager Responsible for organizing team and keeping team on task to 
meet goals and deadlines.  Will also serve as team 
spokesperson, if one is required.     

Tester Responsible for performing experimental tests and 
manipulating equipment properly. 

Safety Officer Responsible for making sure team observes all safety 
measures during experimentation. 

Technical Writer Responsible for recording data during experimentation and 
overseeing the writing of results and conclusions. 

Activity  
Teacher instructions 

Ask students to elicit ideas for materials we use that may be harmful to our plants simply by 
their use or by careless disposal.  Students may need some ideas to get started on this 
discussion (pesticides put on our flower and vegetable gardens, paint cleaner and paints, 
materials used for car maintenance, household cleaners, etc).  As students volunteer 
responses, make a list on the board for everyone to see.  Discuss the value of these materials 
to us for daily use.  Discuss the environmental concerns and how they could be addressed.  
Ask students to discuss their observations of environmental concern put into action by people 
in their community. 

Review the lab activity together with students as they sit with their lab group.  Groups will 
discuss and determine their purpose, question, and hypothesis and write these in their lab 
books.  Allow time for them to do this and share and discuss them together as a whole class.  
This allows students time to formulate their own thoughts and wording for these sections of the 
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lab write-up.  The whole class discussion enables struggling students to hear and use the 
language of other students.  Students will then copy the materials into the lab book from the lab 
guide.  Each group will now be assigned a concentration of liquids (part car fluid to part water) 
to be used on their seeds.  Next, students will work together in their lab groups to devise a 
procedure according to the overview of the lab guide (if preferred, the teacher can provide a 
procedure for students to copy into their lab books.)  Enabling them to formulate the steps 
themselves helps deepen their understanding of the procedure. The steps become more 
internalized instead of merely carrying out pre-described steps.  Middle school students tend to 
“jump” into an activity without reading instructions.  Writing their instructions helps alleviate this 
problem.  The teacher will be circulating the room offering guidance when needed.  The 
procedures should then be shared with the class to make sure all groups are similar enough to 
keep the experiment results valid.  The independent variable (the liquids) and the dependent 
variable (the measurement) should be the same for all groups. 

Student instructions 
Lab Guide: Can the Care and Maintenance of an Automobile Affect Plant Growth? 

Overview 
The city officials in your town have made an appeal to the community.  They have asked 
everyone to be more conscious of the environment when taking care of their cars.  Apparently 
some people who change their own oil and antifreeze dispose of the old by pouring it on the 
grass in their yards or pour it on the side of the street so it runs down the curb and eventually 
into the sewers.  The officials have also asked everyone to cut down on the amount of soap 
used when washing cars in their driveways because the soapy water runs off into the yards  
and street. 

Some people in town are complaining about this request.  They don’t see why it is a problem.  
Now they are being asked to put the old liquids in containers and take them to their local landfill 
for safe disposal.  They said this takes extra time and a trip to the landfill.  They are asking, 
“What is the big deal?  The city officials asked your school to get involved.  They asked your 
science teacher to run an experiment to determine if plant life is affected by the run-off of these 
substances into the soil. 

Pre-Lab Group and Class Discussion 

Discuss ideas for running the experiment.  

• Identify the independent and dependent variables, the control, and the constants.   

• Determine the lab procedure.  Consider the following: 

- The types of seeds used by each group. 

- The number of seeds used by each group. (Repeated experimentation is important). 

- The concentration levels of toxins used. 

- The amount of toxins used. 

- The qualitative and quantitative observations to be used. 

- The method used to germinate the seeds 

- The seed storage while running the test. 

- The graphing requirements (type of graph to be made, data used for graphing). 

Lab Book Set-Up 
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Using the overview, determine and write a purpose for this lab. 

Write the question. 

Write a hypothesis.  Use an IF…THEN… statement.  (IF will include the independent variable.  
THEN will include the dependant variable) 

Together as a class, determine the supplies needed and write these in the materials section of 
your lab write-up. 

Together as a class or in lab groups, (follow the teacher’s instructions), determine the 
procedure and write it in your lab book. 

Lab Activity 
Set up the lab activity and use Excel worksheets to collect the data each day during data 
collection time. 

After the 10 days of collection have been completed, make graphs according to the 
specification of the teacher as decided by the class during the pre-lab discussion. 

Analyze and conclude by sharing information as a class and comparing results.  This will be 
done in a Post-Activity discussion led by the teacher.    

Write your conclusion. 

Lab Conclusion  
Use your observations and data analysis to provide evidence for your conclusion.  In your 
conclusion, address the following topics: 

a. Restate your hypothesis and state whether or not your hypothesis was proved or disproved. 

b. Indicate which solutions were toxic to plants and explain why you came to this conclusion 
(use your data in your explanation). 

c. Indicate which solutions were not toxic to plants and explain why you came to this 
conclusion (use your data in your explanation). 

d. Determine if any solutions might need further testing to prove or disprove toxicity and 
explain why.  Explain how you might test further (i.e., The germinated seeds and initial 
growth may appear healthy but planting them in soil and watering them with the solution 
may result in decline of health over time.  These planted seeds should be compared with a 
control group of seeds (germinated in water, then planted in soil and watered with water). 

e. Discuss any errors that may have occurred during your experiment that may have affected 
your results. 

f. Finish your conclusion by applying your results to every day life. 

Final Product or Extension Activity 
You will be evaluated by choosing one of the following options: 

a. Write a letter to the editor as an appeal to the community.  The article should explain the 
class experiment and the results and conclude with a persuasive essay.  The essay should 
be an appeal to the readers to understand the importance of disposing of hazardous waste 
safely and how to dispose of it properly.  The intent of the letter is to persuade the readers 
to change their habits.  The section of the letter about car washing will be slightly different.  
The appeal will be about reducing the frequency of car washing and the use of less soap. 
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b. Create an informational brochure that could be distributed in a door-to-door campaign as a 
class “field trip”.  It must provide an explanation of your experiment, your findings in a clear 
“easy to understand” format incorporating data from your experiment, information from your 
research, and a persuasive appeal. 

The grading rubric will include points for: 

• Explanation of the experiment (purpose, method, result). 

• Conclusions derived from the data. 

• Implications for the environment. 

• Applications for community citizens (responsibility and action needed to be taken). 

• Eye Appeal (for the brochure). 

• Neatness. 

• Writing mechanics. 

• A minimum of three persuasions.  

• Persuasive content (ability to appeal without preaching). 

Instructional tips 
The Petri dish germination in the bottom of the 2L pop bottles created the most difficulty for the 
students.  The tray and beaker methods seemed easier to handle.  The filter paper inside a 
sandwich bag is also a simple and easy to use method.  The rye grass germinated in about five 
days and grew quickly. 

Lab Book Data 

This lab entails daily journaling in the student lab book.   

Students will prefer the data tables provided in the Appendices; however it is important for them 
to exercise the data table creating skills they learned in grades 2-5 (Data Analysis Standard, 
Grade 2, Indicator 1; Grade 3, Indicators 1 & 9; Grade 4, Indicator 1; and Grade 5, Indicator 4; 
also Patterns Functions & Algebra Standard, Grade 3, Indicator 7).  The data tables provided at 
the end of this document should only be used for special needs students and/or for students 
who do not have much lab write-up experience.   Those students can staple it onto their lab 
book page.    

Formative Assessments   
Daily lab book entries 

Circulate each day as the students make their daily observations and entries.  You may want to 
have a check sheet so you can keep track of the groups with whom you have met. 
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Lab Report 
Lab Conclusion for Plant/Toxin Study 

CATEGORY 4 3 2 1 

a. Restate your 
hypothesis and 
state whether or 
not your 
hypothesis was 
proved or 
disproved.  

Hypothesis was 
restated in the 
If/Then format. The 
independent 
variable was 
correctly included in 
the If portion and 
the dependent 
variable was 
correctly included in 
the Then portion. 
The hypothesis 
being proved or 
disproved was also 
stated.  

Hypothesis was 
restated in the 
If/Then format 
however; the IV and 
DV were not clearly 
or correctly 
indicated. The 
hypothesis being 
proved or disproved 
was also stated.  

Hypothesis was 
restated but was not 
in the If/Then 
format. The 
hypothesis being 
proved or disproved 
was also stated.  

Hypothesis was 
restated but was not 
in the If/Then 
format. OR The 
hypothesis being 
proved or disproved 
was stated.  

b. Indicate which 
solutions were 
toxic to plants and 
explain why you 
came to this 
conclusion.  

Toxic solutions were 
clearly indicated. 
Data support was 
used. Connections 
made are extensive.  

Toxic solutions were 
clearly indicated 
with sufficient data 
support.  

Toxic solutions were 
indicated with 
minimal data 
support.  

Toxic solutions were 
indicated but no 
data support 
provided.  

c. Indicate which 
solutions were not 
toxic to plants and 
explain why you 
came to this 
conclusion.  

Nontoxic solutions 
were clearly 
indicated. Data 
support was used. 
Connections made 
are extensive.  

Nontoxic solutions 
were clearly 
indicated with 
sufficient data 
support.  

Nontoxic solutions 
were indicated with 
minimal data 
support.  

Nontoxic solutions 
were indicated but 
no data support 
provided.  

d. Determine if any 
solutions might 
need further 
testing to prove/ 
disprove toxicity 
and explain why.  

Solutions needing 
further testing were 
clearly indicated. 
Explanation was 
extensive. 
Comparison to 
control is included.  

Solutions needing 
further testing were 
clearly indicated 
with sufficient 
explanation. 
Comparison to 
control is included.  

Solutions needing 
further testing were 
indicated with 
minimal 
explanation. No 
comparison to the 
control.  

Solutions needing 
further testing were 
indicated without 
any explanation.  

e. Discuss any 
errors that may 
have occurred 
during your 
experiment 
possibly affecting 
results.  

Possible errors/bias 
were discussed with 
extensive 
explanation of how 
results could have 
been affected.  

Possible errors/bias 
were discussed with 
sufficient 
explanation of how 
results could have 
been affected.  

Possible errors/bias 
were discussed with 
minimal explanation 
of how results could 
have been affected.  

Possible errors/bias 
were stated. No 
explanation.  

f. Finish your 
conclusion by 
applying your 
results to every 
day life.  

Applications of 
results to every day 
life given with 
extensive 
explanation.  

Applications of 
results to every day 
life given with 
sufficient 
explanation.  

Applications of 
results to every day 
life given with 
minimal 
explanation.  

Application of 
results to every day 
life given. No 
explanation 
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Post-Activity Discussion  
Use the lab conclusion specifications as seen in the student lab guide - these can be used to 
guide the class discussion. 

After students share their data with the entire class, provide time for lab groups to discuss the 
results of the data together.  Then as a whole class, discuss the findings.  

Following are some questions to consider in the discussion  

a. Is there a significant difference in germination time, plant growth, or health of the plant 
(determined by qualitative observation)?  

b. With which liquids did this difference occur?  

c. What does this help us understand about toxins and their beneficial use for us but 
detrimental affect on the environment?  

d. How can individuals and communities lessen the negative side effects?  

e. How do you think the effects seen in a lab setting compare to what would be seen in a real 
life situation?  Why? 

Students will need the time to discuss the post-activity questions with their groups and then 
discuss in a whole class format.   

After these discussions, allow time for students to write their personal reflections in their lab 
books.  These reflections should be based on their individual findings and the responses heard 
during the discussions. 

Pre/Post-Test  
1.  Define observation. Provide three examples.  Information gathered using the five senses 

(qualitative) or measurement (quantitative). Possible examples:  The leaf feels sticky.    
The leaf is 6 cm long. The leaves are yellowish-green. 

2.   Define inference.  A hypothesis, explanation, judgment, decision made based on careful 
observation. 

3.   What is bias?  An influence that distorts or changes the results of an experiment. 

4. Why is it important to design and use experiments that will eliminate bias from the results?  
Bias can cause the results to be invalid.  The experimental procedure must be designed so 
bias will be reduced to a minimum or eliminated. 

5. How can the design of the procedure reduce or eliminate bias?  The procedure must be 
designed to include a control, ONE independent variable, dependant variables, and 
repeated experimentation. 

6. What is a toxin?  A harmful, destructive, or poisonous substance. 

7. Should people use materials that are harmful to plants? Explain your answer.  Answers will 
vary.  Students should explain their reasoning. 

8. How can people use materials they consider beneficial to daily living without causing harm 
to plants?  Answers will vary.  Students' responses may discuss restricted use of the 
material or specialized disposal. 
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Rubric  

CATEGORY 4 3 2 1 

1. Define 
observation.  
Provide three 
examples.   

Correctly defined 
observation and 
provided three valid 
examples. 

Correctly defined 
observation and 
provided two valid 
examples. 

Correctly defined 
observation and 
provided one valid 
example. 

Correctly defined 
observation OR 
provided valid 
example BUT did 
not do both. 

2. Define 
inference.  

Definition includes 
three of the 
following: a  
(1) hypothesis,  
(2) explanation,  
(3) judgment, or  
(4) decision made; 
based on careful 
observation. 

Definition includes 
two of the following: 
a (1) hypothesis, (2) 
explanation, (3) 
judgment, or (4) 
decision made; 
based  
on careful 
observation. 

Definition includes 
one of the following: 
a (1) hypothesis,  
(2) explanation, (3) 
judgment, or (4) 
decision made; 
based  
on careful 
observation. 

Definition includes 
one of the following: 
a (1) hypothesis, (2) 
explanation, (3) 
judgment, or (4) 
decision made; BUT 
does not mention 
that it is based on 
careful observation. 

3. What is bias?   
 
 

The response 
demonstrates  
a clear 
understanding that 
bias is an influence 
that distorts or 
changes the results 
of an experiment. 

The response 
demonstrates an 
understanding that 
bias is an influence 
that distorts or 
changes the results 
of an experiment. 

The response 
states that bias is 
an influence that 
distorts the results 
of an experiment or 
that bias is an 
influence that 
changes the results 
of an experiment. 

The response states 
that bias distorts the 
results of an 
experiment or bias 
changes the results 
of an experiment. 

4. Why is it 
important to 
design and use 
experiments that 
will eliminate bias 
from the results?   

The response 
demonstrates a 
clear and accurate 
understanding that 
since bias can 
cause the results to 
be invalid, the 
experimental 
procedure must be 
designed so bias 
will be reduced to a 
minimum or 
eliminated. 

The response 
demonstrates an 
understanding that 
since bias can 
cause the results to 
be invalid, the 
experimental 
procedure must be 
designed so bias 
will be reduced to a 
minimum or 
eliminated. 

The response 
states that bias 
causes results to be 
less valid, the 
experimental 
procedure must be 
designed so bias 
will be reduced to a 
minimum or 
eliminated. 

The response states 
that bias causes 
results to be less 
valid, the 
experimental 
procedure must be 
designed so bias 
will be eliminated. 

5. How can the 
design of the 
procedure reduce 
or eliminate bias?   

The response states 
that the procedure 
must be designed to 
include all of the 
following: (1) a 
control group, (2) 
ONE independent 
variable, (3) one or 
more dependant 
variables, and (4) 
repeated 

The response 
states that the 
procedure must be 
designed to include 
three of the 
following:  
(1) a control group, 
(2) ONE 
independent 
variable, (3) one or 
more dependant 

The response 
states that the 
procedure must be 
designed to include 
two of the following: 
(1) a control group,  
(2) ONE 
independent 
variable,  
(3) one or more 
dependant 

The response states 
that the procedure 
must be designed to 
include one of the 
following:  
(1) a control group, 
(2) ONE 
independent 
variable,  
(3) one or more 
dependant 
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experimentation. variables, and  
(4) repeated 
experimentation. 

variables, and  
(4) repeated 
experimentation. 

variables, and (4) 
repeated 
experimentation. 

6. What is a toxin?   The response 
demonstrates a 
clear and accurate 
understanding that 
a toxin is a harmful, 
destructive, or 
poisonous 
substance. 

The response 
demonstrates an 
understanding that 
a toxin is a harmful, 
destructive, or 
poisonous 
substance. 

The response 
states that a toxin is 
a harmful or 
poisonous 
substance. 

The response states 
that a toxin is a 
poisonous 
substance (not all 
toxins are 
poisonous). 

7. Should people 
use materials that 
are harmful to 
plants?  Explain 
your answer.   

Answers will vary.  
The response 
demonstrates a 
clear understanding 
that people should 
choose materials 
that are not harmful 
to plants but they 
can still use 
materials that are 
harmful to plants but 
they must be 
disposed of 
properly.  

Answers will vary.  
The response 
demonstrates an 
understanding that 
people should 
choose materials 
that are not harmful 
to plants but they 
can still use 
materials that are 
harmful to plants 
but they must be 
disposed of 
properly.  

Answers will vary.  
The response 
states that people 
should choose 
materials that are 
not harmful to 
plants but they can 
still use materials 
that are harmful to 
plants but they must 
be disposed of 
properly.  

Answers will vary.  
The response 
states that people 
should choose 
materials that are 
not harmful to 
plants OR that they 
can use materials 
that are harmful to 
plants but they must 
be disposed of 
properly.  

8. How can people 
use materials they 
consider beneficial 
to daily living 
without causing 
harm to plants?   

Answers will vary.  
The response 
demonstrates a 
clear and accurate 
understanding that 
the toxic materials 
can be used under 
restricted conditions 
and/or arrange for 
specialized disposal 
after use. 

Answers will vary.  
The response 
demonstrates an 
understanding that 
the toxic materials 
can be used under 
restricted conditions 
and/or arrange for 
specialized disposal 
after use. 

Answers will vary.  
The response 
states that the toxic 
materials can be 
used under 
restricted conditions 
and/or arrange for 
specialized disposal 
after use. 

Answers will vary.  
The response 
states that the toxic 
materials can be 
used under 
restricted conditions 
OR arrange for 
specialized disposal 
after use. 
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Technology Connection 
The ADISC Model created by ITEL.  

Technology that supports students and teachers 
in adjusting, adapting, or augmenting 
teaching and learning to meet the needs of 
individual learners or groups of learners  

The use of a video clip from 
http://www.teachersdomain.org to introduce the 
lesson. 

Technology that supports students and teachers 
in dealing effectively with data, including data 
management, manipulation, and display 

Excel can be used to record data and make 
graphs.  

A digital camera can be used to take photos of 
germinating seeds each day.  The photos can 
be transferred to the computer. 

Use a time lapse camera. 

Technology that supports students and teachers 
in communicating and collaborating including 
the effective use of multimedia tools and online 
collaboration  

Students can use Word or Publisher to write a 
letter or make a brochure for the evaluation 
component 

Interdisciplinary Connection  
Math – making data tables and graphs, analyzing the tables and graphs. 

Language Arts – writing a lab conclusion based on the experiment’s data.  Making 
comparisons in the conclusion to what was done in the experiment and the results.  Creating a 
brochure or other informative writing genre. 

Home Connection  
Sharing results with family members especially those who do basic maintenance on their 
vehicles.  Presenting brochure to family members. 

Differentiated Instruction  
• Students can be grouped in various ways.  Students of similar abilities can be placed 

together.  The more advanced groups can devise their procedures and determine the liquid 
concentrations to be used.  Other groups can receive a predetermined procedure and level  
of liquid concentration.  The degree of control here can be determined by the teacher for  
each group. 

• Data collection and display can also vary.   Some groups may be capable of devising their 
own data display while other groups receive a data display format devised by the teacher. 

• The final product activity can vary according to the groups.  Two ideas are presented in the 
lesson explanation. 

Extension 
Setting up a groundwater simulation device (i.e. cups with grass, dirt, gravel, and sand) and 
using this to allow the solutions to seep into the groundwater (the bottom of the cup).  The pH 
of the groundwater could be taken to determine how these toxins affect our groundwater.   
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Career Connection 
Environmental studies and organizations such as the EPA. 

Additional Resources:  Purpose and Application 

www.garden-counselor-lawn-care.com Information about grass seed germination 

www.nsrl.uius.edu/aboutsoy/production02.html Information about soybean seeds 

http://ei.cornell.edu/toxicology/bioassays/lettuce/ Information about the use of bioassays for 
environmental testing 

Credits 
Catherine Borucki – Main Author 

Teacher Reflections 
Were students focused and on task throughout the lesson?   

 

If not, what improvements could be made the next time this lesson is used? 

 

Were the students led too much in the lesson or did they need more guidance?  
 

 

Did the students learn what they were supposed to learn?   

 

How do you know? 

 

How did students demonstrate that they were actively learning?  

 

Did you find it necessary to make any adjustments during the lesson?   
 

What were they? 
 

 

Did the materials that the students were using affect classroom behavior or 
management? 
 
 
What were some of the problems students encountered when using the …?   
   
 
 
Are there better items that can be used next time?   
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Which ones worked particularly well? 
 

 

Additional Comments 
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Appendix A 

 

____ % SOLUTIONS              DAY __________       DATE:_________________ 
 

MOTOR OIL GRASS SEED 
Draw a picture each day in this section. 

SOYBEAN SEED 
Draw a picture each day in this section. 

Qualitative Data 

 

 

  

Quantitative Data 

 

 

  

Inferences 

Based on________________ 

_______________________ 

I  infer__________________ 

_______________________ 

  

 

ANTI-FREEZE GRASS SEED 
Draw a picture each day in this section. 

SOYBEAN SEED 
Draw a picture each day in this section. 

Qualitative Data 

 

 

  

Quantitative Data 

 

 

  

Inferences 

I think__________________ 

_______________________ 

because________________ 

_______________________ 
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SOAP GRASS SEED 
Draw a picture each day in this section. 

SOYBEAN SEED 
Draw a picture each day in this section. 

Qualitative Data 

 

 

  

Quantitative Data 

 

 

  

Inferences 

_______________________ 

Leads me to believe that 

_______________________ 

  

 

 

 

 



 

 

 

 

 

 

                   Appendix B: 

 

 

Grass Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 

Water (control)                     

seed A                     

seed B                     

seed C                     

average                     

                      

Car Oil                     

seed A                     

seed B                     

seed C                     

average                     

                      

Antifreeze                     

seed A                     

seed B                     

seed C                     

average                     

                      

Trans. Fluid                     

seed A                     

seed B                     

seed C                     

average                     

                      

Soapy Water                     

seed A                     

seed B                     

seed C                     

average                     



 

 

 

 

 

 

                   Appendix B: 

 

 

Lettuce Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 

Water (control)                     

seed A                     

seed B                     

seed C                     

average                     

                      

Car Oil                     

seed A                     

seed B                     

seed C                     

average                     

                      

Antifreeze                     

seed A                     

seed B                     

seed C                     

average                     

                      

Trans. Fluid                     

seed A                     

seed B                     

seed C                     

average                     

                      

Soapy Water                     

seed A                     

seed B                     

seed C                     

average                     

 



   

 

 

             Appendix C: 

Soybean Seed Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 

     negative control (in water)                 

Germination (seed cover split)                 

Grp. 1                 

Grp. 2                 

Grp. 3                 

Grp. 4                 

Grp. 5                 

Grp. 6                 

Grp. 7                 

Grp. 8                 

                  

Radical emerged (primary root)                 

Grp. 1                 

Grp. 2                 

Grp. 3                 

Grp. 4                 

Grp. 5                 

Grp. 6                 

Grp. 7                 

Grp. 8                 

                  

Cotyledon is visible                 

Grp. 1                 

Grp. 2                 

Grp. 3                 

Grp. 4                 

Grp. 5                 

Grp. 6                 

Grp. 7                 

Grp. 8                 

                  

 

 



   

 

 

 

Soybean Seed Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 

     negative control (in water)                 

Root Hairs emerge                 

Grp. 1                 

Grp. 2                 

Grp. 3                 

Grp. 4                 

Grp. 5                 

Grp. 6                 

Grp. 7                 

Grp. 8                 

                  

Stem begins to turn green                 

Grp. 1                 

Grp. 2                 

Grp. 3                 

Grp. 4                 

Grp. 5                 

Grp. 6                 

Grp. 7                 

Grp. 8                 

                  

 

 

 

 

 

 

 

 

 



   

 

 

 

Soybean Seed Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Day 15 Day 16 

     negative control (in water)                 

Germination (seed cover split)                 

Grp. 1                 

Grp. 2                 

Grp. 3                 

Grp. 4                 

Grp. 5                 

Grp. 6                 

Grp. 7                 

Grp. 8                 

                  

Radical emerged (primary root)                 

Grp. 1                 

Grp. 2                 

Grp. 3                 

Grp. 4                 

Grp. 5                 

Grp. 6                 

Grp. 7                 

Grp. 8                 

                  

Cotyledon is visible                 

Grp. 1                 

Grp. 2                 

Grp. 3                 

Grp. 4                 

Grp. 5                 

Grp. 6                 

Grp. 7                 

Grp. 8                 

                  

 

 



   

 

 

 

Soybean Seed Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Day 15 Day 16 

     negative control (in water)                 

Root Hairs emerge                 

Grp. 1                 

Grp. 2                 

Grp. 3                 

Grp. 4                 

Grp. 5                 

Grp. 6                 

Grp. 7                 

Grp. 8                 

                  

Stem begins to turn green                 

Grp. 1                 

Grp. 2                 

Grp. 3                 

Grp. 4                 

Grp. 5                 

Grp. 6                 

Grp. 7                 

Grp. 8                 

                  

 


