
AP Biology Name: Period:

AP Biology Scientific Practices

AP science courses incorporate six overarching practices that capture important aspects of the work of
scientists. Science practices describe the knowledge and skills that students should learn and demonstrate to
reach a goal or complete a learning activity.  They are listed below for your reference.

Science Practice 1 – Concept Explanation

Explain biological concepts, processes, and models presented in written format.

Science Practice 2 – Visual Representations

Analyze visual representations of biological concepts and processes.

Science Practice 3 – Questions and Methods

Determine scientific questions and methods.

Science Practice 4 – Representing and Describing Data

Represent and describe data.

Science Practice 5 – Statistical Tests and Data Analysis

Perform statistical tests and mathematical calculations to analyze and interpret data.

Science Practice 6 - Argumentation

Develop and justify scientific arguments using evidence.
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Science Practice 1 – Concept Explanation

Explain biological concepts, processes, and models presented in written format.
1. Describe biological concepts and/or processes.
2. Explain biological concepts and/or processes.
3. Explain biological concepts, processes, and/or models in applied contexts.

----------------------------------------------------------------------------------------------------------------------------------------------------------------

1. Describe the effect of temperature on sex determination for each of the three species of reptiles depicted above:

a. Macroclemys temminckii:

________________________________________________________________________________________

b. Trachemys scripta:

________________________________________________________________________________________

c. Alligator mississippiensis:

________________________________________________________________________________________

2. As temperatures continue to rise, hypothesize the impact on each of the three reptile populations.  Think beyond

statements such as “more or less males.” (so… then what?)  And think on a global scale ☺

a. ________________________________________________________________________________________

________________________________________________________________________________________

b. ________________________________________________________________________________________

________________________________________________________________________________________

c. ________________________________________________________________________________________

________________________________________________________________________________________

2



AP Biology Name: Period:

Science Practice 2 – Visual Representations

Analyze visual representations of biological concepts and processes.
1. Describe characteristics of a biological concept, process, or model represented visually.
2. Explain relationships between different characteristics of biological concepts, processes, or models represented

visually.
a. In theoretical contexts.
b. In applied contexts.

3. Explain how biological concepts or processes represented visually relate to larger biological principles, concepts,
processes, or theories.

4. Represent relationships within biological models, including
a. Mathematical models
b. Diagrams
c. Flow charts

----------------------------------------------------------------------------------------------------------------------------------------------------------------
A theory used in AP Biology is the Law of Competitive Exclusion. Review the graphs of Paramecium aurelia

(solid line) and Paramecium caudatum (dashed line) below to learn more:

1. Describe the results of the experiment depicted in graph 1.

___________________________________________________________________________________________

___________________________________________________________________________________________
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2. Describe the results of the experiment depicted in graph 2.

____________________________________________________________________________________

____________________________________________________________________________________

3. Based on these “trends,” postulate what the Law of Competitive Exclusion states regarding population growth of

these two species of paramecium.

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________
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Science Practice 3 – Questions and Methods

Determine scientific questions and methods.
1. Identify or pose a testable question based on an observation, data, or a model.
2. State the null and alternative hypotheses, or predict the results of an experiment.
3. Identify experimental procedures that are aligned to the question, including

a. Identifying dependent and independent variables.
b. Identifying appropriate controls.
c. Justifying appropriate controls.

4. Make observations, or collect data from representations of laboratory setups or results
5. Propose a new/next investigation based on

a. An evaluation of the evidence from an experiment
b. An evaluation of the design/methods.

----------------------------------------------------------------------------------------------------------------------------------------------------------------
Part I: Identify the independent (IV) and dependent (DV) variables for each of the experiments below.

1. Guinea pigs are kept at different temperatures for 6 weeks.  Percent weight gain is recorded.

IV= ____________________, DV=_________________________

2. The diversity of algal species is calculated for a coastal area before and after an oil spill.

IV= ____________________, DV=_________________________

3. The light absorption by a pigment is measured for red, blue, green and yellow light.

IV= ____________________, DV=_________________________

4. Batches of seeds are soaked in salt solutions of different concentrations, and germination is counted for each
batch.

IV= ____________________, DV=_________________________

5. An investigator hypothesizes that the adult weight of a dog is higher when it has fewer littermates.

IV= ____________________, DV=_________________________

Part II: Identify a control group for each of the following examples. Remember, control group = without the IV.
1. An investigator studies the amount of alcohol produced by yeast when it is incubated with different types of sugar.

___________________________________________________________________________

2. The effect of light intensity on photosynthesis is measured by collecting oxygen produced by a plant.
___________________________________________________________________________

3. The effect of sweetener on tumor development in lab rats.
___________________________________________________________________________
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Part III: Read the following description of experiments. Identify the IV, DV, control, and constants. Report one way to
improve each experiment. Remember – a constant is something kept the same IN EVERY GROUP.

1. A group of students hypothesizes that the amount of alcohol produced in fermentation depends on the amount of
glucose supplied to yeast.  They want to use 5%, 10%, 15%, 20%, 25% and 30% glucose solutions.

IV =_____________________________, DV = ___________________________
What control treatment should be used?
_________________________________________________________________
What constants should be used?
_____________________________________________________________________

2. A group of students wants to study the effect o f temperature on bacterial growth.  To get bacteria, they leave Petri

dishes of nutrient agar open on a shelf.  They then put the dishes in different places: an incubator (37
o
C), a

refrigerator (10
o
C), and a freezer (0

o
C).  Bacterial growth is measured by estimating the percentage of each dish

covered by bacteria at the end of a 3 - day growth period.

IV =_____________________________, DV = ___________________________
What control group should be used?
_________________________________________________________________
What constants should be used?
_____________________________________________________________________

3. A team of scientists is testing a new drug, XYZ, on AIDS patients.  They expect patients to develop fewer
AIDS-related illnesses when given the drug, but they don't expect XYZ to cure AIDS.

What hypothesis are they testing?
_________________________________________________________________________

IV =________________________________, DV = ________________________________
What control group should be used?
_________________________________________________________________________
What constants should be used?
_________________________________________________________________________
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The graph below shows the effect of fertilizer on peanut plant growth.

1. Describe the trends shown in the graph:

______________________________________________________________________________________________

______________________________________________________________________________________________

2. Develop a testable question and hypothesis that would explain the data (note: you will design an experiment for this

hypothesis in the next section)

a. Testable question: __________________________________________________________________________

b. Hypothesis: _______________________________________________________________________________

3.   Using the testable question and hypothesis you developed above, design an experiment.  Be sure to include specific

data collection strategies.

a. Independent variable: ______________________________________________________________________

b. Dependent variable:  _______________________________________________________________________

c. Constants: _______________________________________________________________________________

d. Control Group: ___________________________________________________________________________

e. Data to collect / how you will collect: _________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________
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Science Practice 4 – Representing and Describing Data

Represent and describe data.
1. Construct a graph, plot or chart

a. Orientation
b. Labeling
c. Units

d. Scaling
e. Plotting
f. Type

g. Trend line

2. Describe data from a table or graph, including

a. Identifying specific data points.
b. Describing trends and/or patterns in

data.

c. Describing relationships between
variables

----------------------------------------------------------------------------------------------------------------------------------------------------------------
An investigation was carried out to measure the rate of activity of catalase, an enzyme that breaks down hydrogen

peroxide. Five 40-mL solutions of the enzyme at concentrations of 20%, 40%, 60%, 80%, and 100% were prepared. A
filter paper disk was placed in each enzyme solution. Each soaked disk from the different enzyme concentrations was then
added to different cups containing 30 mL of 1% hydrogen peroxide. The rate of catalase activity was inferred from
measurements of how fast the disks rose from the bottom to the top of each cup. The following data were obtained:
40%–12.1 seconds, 80%–5.8 seconds, 100%–4.1 seconds, 20%–15.8 seconds, and 60%–9.9 seconds.

Directions: Organize the data by completing the data table, according to
the directions below.

1.   Label the second column of the data table with an appropriate
heading and record that label on the y-axis of the graph. [Be sure to
include units.]

2.   Complete the data table so that the percent enzyme increases from
the top to the bottom of the table.

3. Make a line graph of the data on the grid below.

8



AP Biology Name: Period:

9



AP Biology Name: Period:

Science Practice 5 – Statistical Tests and Data Analysis

Perform statistical tests and mathematical calculations to analyze and interpret data.
1. Perform mathematical calculations, including

a. Mathematical equations in the curriculum
b. Means.
c. Rates.
d. Ratios.
e. Percentages.

2. Use confidence intervals and/or error bars (both determined using standard errors) to determine whether sample
means are statistically different.

3. Perform chi-square hypothesis testing.
4. Use data to evaluate a hypothesis (or prediction), including

a. Rejecting or failing to reject the null hypothesis.
b. Supporting or refuting the alternative hypothesis.

----------------------------------------------------------------------------------------------------------------------------------------------------------------
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Science Practice 6 – Argumentation

Develop and justify scientific arguments using evidence.
1. Make a scientific claim.
2. Support a claim with evidence from biological principles, concepts, processes, and/or data.
3. Provide reasoning to justify a claim by connecting evidence to biological theories.
4. Explain the relationship between experimental results and larger biological concepts, processes, or theories.
5. Predict the causes or effects of a change in, or disruption to, one or more components in a biological system based

on
a. Biological concepts or processes.
b. A visual representation of a biological concept, process, or model.
c. Data.

---------------------------------------------------------------------------------------------------------------------------------------------------

Germination Rates of Pinto Beans

Day % Germination
(15o C)

% Germination
(20o C)

% Germination
(25o C)

0 0 0 0
2 2 10 10
4 10 30 50
6 20 40 80
8 20 60 90
10 35 70 90

Table 4

Construct an appropriately labeled graph of the data in Table 4.
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1. What conclusions can you draw from the graph?

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________

2. Give one suggestion for improvement for this experiment.

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________
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Thinking about data collection…

Part 1: Qualitative vs Quantitative Data
For each of the theoretical experiments below, list and describe one source of qualitative and one source of

quantitative data that you could collect if you were doing this experiment. Do not try to hypothesize or predict the results
of the experiment, only think about what kinds of data you could collect if you were trying to answer the experimental
question.

Sample
A researcher is trying to determine if a new type of fungicide is effective at preventing fungus infections on a

certain crop

Qualitative

1. Presence or absence of fungus on the plant
2. Color of the plant leaves (yellow or brown indicates fungal infection)

Quantitative

1. Size of fungus spots on a plant
2. Number of fungus spots on plant

1. A researcher notices that in a population of moths, some have a light gray color and some have a very dark gray,
almost black color. She wonders if the coloring might be a form of camouflage.

Qualitative –

Quantitative –

2. A researcher is comparing the effectiveness of two different medications in treating flu symptoms.

Qualitative –

Quantitative –

3. A researcher believes that a local chemical production plant might secretly be dumping waste into a nearby river.

Qualitative –

Quantitative –
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4. A student working for a pet food company is testing different flavors of cat food in order to develop new flavors to

sell.

Qualitative –

Quantitative –

Part 2: Determining what evidence supports a claim
For this part, list and describe two pieces of evidence (qualitative, quantitative, or one of each) that would

support the researchers claim or hypothesis. First consider how you will measure change, then what change you would
expect to see.

Sample
A scientist notices that some individuals in a population of fish have an extra dorsal fin. He hypothesizes that this

extra fin might give those individuals an advantage when trying to escape predators.

1. The fish with the extra fin are faster than the fish without, meaning they could likely outswim predators.

2. At the end of the summer a higher percentage of fish with the dorsal fin survived than fish without the extra
fin meaning fewer of them were eaten.

1. A researcher hypothesizes that eating certain foods that are high in Vitamin C interferes with a human’s ability to
absorb calcium from other foods.

2. A researcher believes that when working out, doing more repetitions at a low weight stimulates more muscle growth
than doing fewer repetitions at a high weight.

3. A researcher is excited about the potential of a new natural substance that may help prevent damage to DNA from
ultraviolet light from the sun.

4. Mr. Pilgrim thinks that his cats prefer the chicken-flavored cat food over the tuna-flavored cat food.

14



AP Biology Name: Period:

Null and Alternative Hypotheses
A new way of thinking about experiments

Background:
In prior science courses you have been taught to make hypotheses – predictions – about the outcome of

experiments that you conduct. You did in order to have a sense of direction during your experiment and what to focus on

as you made observations.

In real-world experiments, scientists rarely explicit predict their outcomes. Instead, they ask questions as you have

learned to do and then brainstorm possible outcomes, including ones that they think are unlikely. This allows them to keep

an open mind about their observations.

For example, if you think that experimental data will show one thing but it ends up showing the opposite thing,

you might think your experiment was flawed somehow (the classic “we messed up”). If you open your mind to other

possibilities as scientists do you might gain knowledge you otherwise wouldn’t have.

Null hypothesis:

One common way that scientists force themselves to keep an open mind is through a technique called a null

hypothesis. Null means “invalid” or “having no value”. You already know that a hypothesis is a prediction, so a null

hypothesis is a hypothesis that says that nothing will happen, or more properly that the independent variable of the

experiment has no effect on the dependent variable.

Think back to the mealworm lab. Most of the scientific questions that were generated had this form:

“Do the mealworms prefer A or B?”

That question does not account for the possibility that the mealworms have NO preference!

Also, we expect that when we do experiments that something will happen. In fact, surveys of published and

unpublished experiments suggest that nearly 80% of experiments show no or weak results! But that is okay! Finding no

effect of an independent variable on a dependent variable is still new information that we did not have before.

Writing null hypotheses:
To construct a null hypothesis, first identify the independent and dependent variables in the experiment, then

indicate that the independent variable has no effect on the dependent variable.

“(IV) has no effect on (DV).”

Ex. A scientist is trying to determine if a new chemical is effective at preventing fungus growth on plant leave.

Independent variable (IV): chemical

Dependent variable (DV):  fungus growth

Null hypothesis: The chemical has no effect on fungus growth.
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Spoiler alert: Chemical and pharmaceutical companies often test hundreds of compounds and formulas before finding one

that works. Most of their experiments end with them finding no effect! Back to the drawing board!

Practice writing null hypotheses:
For Examples 1-3 below, identify the independent and dependent variables, then write a null hypothesis for the

experiment.

1. A gardener is testing different types of soil (organic, sandy, clay, etc.) to determine which is best for growing her

vegetables.

a. IV –

b. DV –

c. Null hypothesis –

2. A teacher finds a new activity and is trying to see if it helps his students understand a concept better and do better

on a test.

a. IV –

b. DV –

c. Null hypothesis –

3. A student is trying to organize their papers in a different way to try to help them not lose as many papers and

assignments.

a. IV –

b. DV –

c. Null hypothesis –

Alternative hypotheses:

Of course, scientists do not do experiments unless they think that there might be some effect. They do not want to

waste their time! In addition to writing a null hypothesis, scientists will also write an alternative hypothesis, which is

what you have already learned as just a “hypothesis”. An alternative hypothesis states that the independent variable has an

effect on the dependent variable. When writing an alternative hypothesis, do not state what you think the effect will be

or explain why, simply state that there will be an effect (see example below)

Ex. A scientist is trying to determine if a new chemical is effective at preventing fungus growth on plant leave.

Independent variable (IV): chemical

Dependent variable (DV):  fungus growth

Alternative hypothesis: The chemical has an effect on fungus growth.
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**Note that the alternative hypothesis simply states: “(IV) has an effect on (DV).”, it does not state what that effect

will be (that is what we call a “prediction”).

For Examples 4-6 below (same scenarios as null hypothesis section), rewrite the null hypothesis, then write an

alternative hypothesis.

4. A gardener is testing different types of soil (organic, sandy, clay, etc.) to determine which is best for growing her

vegetables.

a. Null hypothesis –

b. Alternative hypothesis –

5. A teacher finds a new activity and is trying to see if it helps his students understand a concept better and do better

on a test.

a. Null hypothesis –

b. Alternative hypothesis –

6. A student is trying to organize their papers in a different way to try to help them not lose as many papers and

assignments.

a. Null hypothesis –

b. Alternative hypothesis –

More practice

7. A nutritionist theorizes that diets rich in fruits and vegetables may have a positive effect on human digestive

system bacterial species growth and survival.

a. Null hypothesis –

b. Alternative hypothesis –

8. Epidemiologists (scientists that study disease transmission, causes, and methods of control) believe that using

antibacterial hand soaps have actually increased the number and virulence (harmfulness) of antibiotic-resistant

bacteria in the world.

a. Null hypothesis –

b. Alternative hypothesis –
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9. Wildlife biologists noticed that when wolves in Yellowstone National Park became protected from hunting by

federal laws, average tree height in Yellowstone increased by 20% in 10 years.

a. Null hypothesis –

b. Alternative hypothesis –

18



AP Biology Name: Period:

95% Confidence Intervals / ± 2SEx̅

Background

When an experiment is conducted there are often sources of error – you call it “messing up”, but really error is

any place in an experiment where, if you were to do the experiment again, some variation might occur that could affect

your data. This is why it is generally considered good practice to “redo” investigations and gather multiple pieces of data

that can be looked at as a whole. Seemingly insignificant choices may cause variation or error in results. Consider the

following possibilities:

- You use old chemicals that may not be as effective (some chemicals undergo spontaneous reactions and so are

only good for a certain amount of time)

- Errors / inaccuracies in measurements / equipment (we often use the least expensive beakers and pipettes😉)

- Judging qualitative data (colors, levels of activity, “low”, “high” – different people have different judgements)

- Different experimental groups with different characteristics (like living organisms)

- Environmental conditions - ambient air temperature, humidity, etc. may affect results

All of these small factors may add up to create uncertainty in your results.

Communicating Confidence

Scientists use a variety of ways to communicate how confident they are in their experimental results. The simplest

way, and one that you have done, is to list possible sources of error. This lets other scientists know where the

experimenters possibly made errors and how those errors may have affected their results. Also, scientists conduct

investigations more than once, or they have many different samples of the same experiment running at the same time. If

the data they get from each sample or each run of the investigation is similar, the scientist can be pretty confident in their

results. If the range of data is large, then they probably have less confidence because they are getting lots of different

values for their data.

In addition to describing sources of error, scientists can quantify (calculate) their error and, therefore, their

confidence in their data. One way that scientists do this is by calculating the standard error of the mean. This is a

statistical analysis method that outputs an estimate of the error in the data. They then use this to create a 95% confidence

interval, visualized as an error bar, on their graph. A 95% confidence interval is a scientist saying, “Here are my results.

I know there is probably some uncertainty and error in my data. I am 95% certain that even with the uncertainty, the data

falls within this range.” 95% confidence intervals are used on graphs that show quantitative data. They are easy, visual

ways for scientists to show the uncertainty in their data.

Calculating 95% confidence intervals involves statistical equations and theory that are beyond the scope of what

you will need to do in this course; however, you do need to be able to look at a graph that shows 95% confidence intervals

and explain what the intervals indicates about the reliability of the data and any conclusions that can be drawn based on

the data. One way that confidence intervals are calculated is by using a calculation standard error of the mean (abbreviated

as ± 2SEx̅). If you see “standard error of the mean” or “ ± 2SEx̅”, these are referring to confidence intervals.
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Visualization

95% confidence intervals are shown by drawing error bars on graphs. Any graph that shows quantitative data

can have error bars. You will see bar graphs, line graphs, and scatter plots that all have error bars.

Looking at 95% Confidence Intervals

Take a look at Graph A (Arbacia lixula).

1. What is the dependent variable of the experiment? __________________________________________

2. What is the independent variable of the experiment? ________________________________________

The shaded (pink and gray) bars show the scientists’ data from their experiment.

3. What is the density of A. lixula in normal pH water? _________________________________________

4. What is the density of A. lixula in acidified water? ___________________________________________

The lines extending upwards and downwards from the top of the bars show the 95% confidence interval, calculated
from the standard error of the mean, for the scientists’ data. It considers possible sources of error in the experiment and
shows the possible range of data for each trial. Large error lines indicate a wider range of possible results, small lines
indicate a smaller range of possible results, but all error bars show the range of results with 95% confidence.

5. What are the highest and lowest possible densities for A. lixula in normal pH water? _______________

6. What are the highest and lowest possible densities for A. lixula in acidified water? _________________

Look at Graph B (Paracentrotus lividus).

7. What is the density of P. lividus in normal pH water? ________________________________________

8. What is the range of possible densities of P. lividus in normal pH water? _________________________

9. What is the density of P. lividus in acidified water? __________________________________________
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10. What is range of possible densities of P. lividus in acidified water? ______________________________

What does it mean?????
The error bars show the possible range of the data with 95% confidence. For example, for A. lixula in normal pH

water the density was measured to be 12, but because of sources of error (maybe the machine was calibrated incorrectly,

the bacteria are reeeeealllly hard to see, or they used cheap beakers), the actual density could be anywhere from 9 to 15

(the range shown by the error bars). That’s a pretty wide range! Similarly, for A. lixula in acidified water the density was

measured to be 8 but because of error and uncertainty could be anywhere between 6 and 14. Again, a very wide range!

Say that the machine was in fact calibrated incorrectly. When the scientists took their measurements, they

measured the density of A. lixula in normal pH water as 12 (shown on the graph) but in reality, the density was 9. Now

imagine that because of errors the scientists measured the density of A. lixula in acidified water as 8 but in reality, the

density was 13. What would the graph of the real values look like? Draw it below:

11. Based on this data, what would the scientists conclude about the effect

of acid on the density of A. lixula?

12. How would this differ from the conclusion they would draw from the

data in the original graph on the previous page?

**Takeaways
1. When two sets of data have overlapping error bars, the difference in the data is not significant and conclusions

cannot be drawn from that data. There is too much uncertainty!
2. When two sets of data have error bars that do not overlap, the difference in the data is significant and

conclusions can be drawn from the data.
3. ALWAYS LOOK AT ERROR BARS IN GRAPHS

13. Looking at the scientists’ data in Graph A, are you confident in the scientists’ results? Why or why not? Explicitly

talk about the error bars in your answer.

14. Now look at the data in Graph B, especially the error bars. How do they differ from the error bars in Graph A?

15. What does this mean for any conclusions or statements that the scientists might make based on this data?
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Investigation Design – Controls, Constants, and Groups

Background

This activity will introduce and solidify your understanding of a few concepts related to investigation design –

control groups, experimental groups, and constants. Every investigation has these and it is important to be able to identify

each of these when examining or designing an investigation.

Control Groups

Control groups (or just “controls”) are those groups in an investigation that serve as comparisons for the rest of

your investigation. They allow you to compare the results of your investigation to some known values to see if there is a

difference. This helps you determine if the change you made (your independent variable) actually had an effect on what

you are measuring (your dependent variable).

There are two types of controls: Negative and positive

Negative controls

A negative control group is the group in your investigation that lacks the independent variable. For example, if

you are investigating the effects of cat food flavoring on how much a cat eats at a meal, the negative control could be cat

food with no flavoring. If you are investigating the effects of differing types of fertilizer on tomato plant growth, a good

negative control group would be a few plants that are given no fertilizer. Now you can compare what happens when you

give different fertilizers with the plants that were given no fertilizer.

1. Identify a possible negative control for the following investigations:

a. A teacher finds a new activity and is trying to see if it helps his students understand a concept better and

do better on a test.

b. A researcher hypothesizes that eating certain foods that are high in Vitamin C interferes with a human’s

ability to absorb calcium from other foods.

c. A researcher is comparing the effectiveness of two different medications in treating flu symptoms.
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Positive controls

Positive controls are a bit trickier and likely a concept you have not experienced before. A positive control group

is the group in an investigation that already has a known result. It has two purposes: 1)  as a comparison for the other

groups (like a negative control), and 2) to make sure that your experimental design does not have any flaws. For example,

let’s go back to the tomato plant investigation. A positive control for that experiment might be a group that is given 250

mL of water each day because you know from some previous investigations that if you give a tomato plant 250 mL of

water each day, after 30 days it will be about 20 cm tall. If you do an experiment and find that a tomato plant given 250

mL of water each day doesn’t grow at all, it is an indication that some other part of your investigative procedure might be

off (maybe bad soil or old seeds in this case).

Let’s say you are working in a lab and developing a new chemical fertilizer that is supposed to help plants grow.

You do an investigation. Your negative control is plants with no fertilizer, and you have a second group of plants that are

grown with the new fertilizer. How do you know if the new fertilizer is better than the fertilizers already available? Sure, it

might be better than no fertilizer, but if it’s not better than what is already out there nobody will buy it! A positive control,

like a group with an available fertilizer that you know increases growth by 50%, would be very useful. If your new

fertilizer increases growth by 25%, it would not be worth developing and trying to sell. If your fertilizer increases growth

by 75%, then that is an improvement! Without the positive control you would never know if your fertilizer is better than

what is already available.

Positive controls are not always necessary in an experiment but they are sometimes helpful.

2. In the following investigations, identify the positive control:

a. Researchers are testing the effectiveness of 5 new antibiotics to see if any are better at preventing

bacterial growth than amoxicillin, a common antibiotic already in use.

b. Researchers are testing new materials for headphones to see if they block outside sounds better than

existing materials.
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Experimental Groups

Related to negative and positive controls, experimental groups are any group in an experiment that is not either a

positive or negative control. From example 2a above, the experimental groups would be the 5 new antibiotics. In 2b, the

experimental groups are the new materials.

3. Identify the control group and the experimental groups in the following investigation: testing the effect of

different pH’s (3, 5, 6, 8, 9, and 11) on the activity of an enzyme as compared to neutral ph (7).

a. Control group =

b. Experimental groups =

Constants

Constants are those parts of an investigation which are kept the same across every group, including the control

and experimental groups. They are NOT controls. Remember that you want to keep as much the same as possible so that

you can be certain that any differences in your dependent variable (measured results) are because of your independent

variable and not something else. Examples of constants include:

- Using the same measuring equipment (yes, even highly accurate tools like graduated cylinders and balances

can vary between individual ones).

- In an investigation testing the effectiveness of different antibiotics, keeping the volume of each antibiotic used

the same and measuring their effectiveness over the same period of time (also maybe keeping temperature the

same, testing on the same type of bacteria, etc.).

4. For each investigation below, identify TWO possible constants:

a. Testing the effectiveness of different fertilizers on plant growth.

1.

2.

b. Testing the effect of temperature on a certain chemical reaction between two substances.

1.

2.

c. Testing how quickly different types of sugar get absorbed in the body and enter the bloodstream.

1.

2.
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