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EXPERIMENT OBJECTIVE:  

In this experiment, students will grow one generation of Quick Plants™ 
from seeds. They will then perform artifi cial selection by cross-
pollinating only selected plants, examining the second-
generation population, and recording the differences
and/or similarities between two generations due to
artifi cial selection.
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• Quick Plant™ seeds 
• Nylon mason twine
• Potting Mix
• Miracle-Gro Fertilizer
• Vermiculite
• Bees and sticks for making bee sticks for pollination
• Plastic magnifi ers

Store the entire 
experiment at room 
temperature.

This experiment is 
designed for 10 lab 
groups.

Experiment Components

Requirements

• Growing system: reused plastic soda or water bottles (500 ml)
• Lighting: light box system
• Digital cameras to record the investigation
• Laboratory notebook
• Water
• Tape
• Razor



4 Duplication of any part of this document is permitted for non-profi t educational purposes only. 
Copyright © 1989-2013 EDVOTEK, Inc., all rights reserved.     EVT AP01.130109

Artifi cial SelectionAP01
EXPERIMENT

The Biotechnology Education Company®  •  1-800-EDVOTEK  •  www.edvotek.com

Background Information

NATURAL SELECTION VERSUS ARTIFICIAL SELECTION

Evolution has existed and given rise to a diverse population of organisms, from 
cellular components to plants and animals, over the course of a billion years. Nat-
ural selection is defi ned as a gradual process in which certain traits become either 
favorable or unfavorable in a population. It occurs because of random mutations, 
and is the driving force of evolution.  It is believed to be the process in nature 
by which only the most adapted organism to their environment survive, produce 
offspring, and pass on their genetic heredity to the next generation. Over time, 
natural selection can eventually result in the emergence of new species. 

In 1859, Charles Darwin published his book “On the Origin of Species”, in which 
he discussed about natural selection versus artifi cial selection in cats, dogs, pi-
geons and cattle. As opposed to natural selection, artifi cial selection is a selective 
breeding process in which certain traits are intentionally favored for breeding. 
This preference has a profound effect on evolution of a particular population. 

Darwin made observations of the beagle in the Galapagos Islands and discovered 
a beak variation in the fi nches. Each of the 13 closely related species differs in the 
shape of their beak, suggesting that beak shape has evolved by natural selection 
in such a way that ensures each species is best adapted to their environment.

Such genetic manipulation is being practiced not only today but throughout 
the past.  For thousand of years, humans have artifi cially selected domesticated 
plants and animals. Farmers and breeders have chosen specially favorable traits 
for reproduction purposes in plants and animals, so they will be able to pass the 
favorable characteristics to their offspring’s. An example is how we breed dogs 
with certain traits to obtain the traits we desire. 

QUICK PLANTS™

Brassica are part of a large family of plants called crucifers. Crucifers produce 
four-petalled fl owers. Numerous plants, such as cabbage, caulifl ower, turnip, and 
brussels sprouts belong to the Brassica genus. Despite the large variation in leaf 
structure, size and shape of the vegetables produced, all Brassica plants within a 
genus share a common ancestor. 

In 1986, Dr. Paul Williams from the University of Wisconsin published his fi nd-
ings, in which he discussed the variety of turnip (Brassica rapa) that his group had 
used. The research took advantage of the short life cycle of Brassica rapa, which 
could grow from seed to seed in about 40 days. His paper has allowed teachers 
to be able to introduce this ideal organism as a way to teach plant biology in a 
classroom setting and research purposes.

Figure 1 – Beak variation of 
fi nches on the Galapagos 
Islands
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Background Information

In this experiment, students will explore how artifi cial selection works on a population of 
Brassica Quick Plants™ by identifying selected characteristics and breeding among only 
selected plants. Students will start by growing the fi rst generation population of Quick 
Plants™ in plastic water bottles. The growth medium, consisting of potting mix, fertilizer 
solution and vermiculite, will provide an adequate environment to the plants. Besides, 
the plants will be grown under cool white fl uorescent bulbs. Seed pods will be harvested 
and planted for next generation population. Since Quick Plants™ do not self-pollinate, 
they must be cross-pollinated to produce seeds. Students will mimic the natural process of 
pollination in Quick Plants™, which, for many species, relies on bees.  Thus, they will pol-
linate the Quick Plants™ with a “bee stick” made from the thorax of a honeybee. As the 
second generation develops, students will analyze the data obtained to examine if the 
second-generation offspring is different from the parent population.

Seed pods
& seeds

Seed pods
& seeds

Germination
& seedling

First leaves
develop

Young
plant

Mature
plant with
ripe pods.

Plant with flowers.
Bees pollenate &

fertilize.

Figure 2  - Life cycle of Quick Plants™
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Experiment Overview and General Instructions

EXPERIMENT OBJECTIVE

In this experiment, students will grow one generation of Quick Plants™ from seeds. Then 
they will perform artifi cial selection by cross-pollinating only selected plants, and examin-
ing the second-generation population to see if it is different from the previous one, and 
learn about how selection works.

LABORATORY SAFETY GUIDELINES

1.  Wear gloves and goggles while working in the laboratory. 

2.   Exercise caution when working in the laboratory – you will be 
using equipment that can be dangerous if used incorrectly.

3.  DO NOT MOUTH PIPET REAGENTS - USE PIPET PUMPS. 

4.  Always wash hands thoroughly with soap and water after working in the laboratory.

5.   If you are unsure of something, ASK YOUR INSTRUCTOR!

LABORATORY NOTEBOOKS: 

Scientists document everything that happens during an experiment, including experi-
mental conditions, thoughts and observations while conducting the experiment, and, of 
course, any data collected.  Today, you’ll be documenting your experiment in a laboratory 
notebook or on a separate worksheet.    

Before starting the Experiment: 
•  Carefully read the introduction and the protocol.  Use this information to form a 

hypothesis for this experiment. 
•  Predict the results of your experiment. 

During the Experiment: 
•  Record your observations. 

After the Experiment: 
•  Interpret the results – does your data support or contradict your hypothesis? 
•  If you repeated this experiment, what would you change?  Revise your hypothesis to 

refl ect this change. 
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Experiment Overview and General Instructions

Cut bottle 
3” below 
opening.

Drill a hole 
in the lid.

Thread a
wet wick
through
hole in 
cap.

water

Fill bottle
top 3/4 full
with moistened
potting mix. 
Do not overfill!

Sprinkle surface
with water.

1

3

5

2

4

6
Seed

placement

Fill reservoir 
with dilute
fertilizer solution.

Add seeds to soil as shown.

   Cover seeds with a 1/2”
   layer of vermiculite.  
   Gently sprinkle with water.

Tape top
to base to
hold them
together
and label 
with group
name.

  Place plants under
  lights no more than
  5-8 cm from 
  top at all times.

If reservoir level
drops, fill with
dilute fertilizer
solution.

1 2 3

4 5 6

Getting to Microsoft® Excel

In this investigation, to explore how certain traits are inherited from generation to generation, you 
will built a histogram using Microsoft® Excel.  Some important tips to remember when creating your 
histogram are as follows:

• If you are not familiar with creating a histogram using Microsoft® Excel, type “how to create a 
histogram using Excel video” in your search engine.  The results include several step-by-step in-
structions or videos that will help you familiarize yourself with the software.

• Do not forget to save your work periodically in case the program closes unexpectedly.

• If you have diffi culty refi ning your spreadsheet and/or histogram, consider using pencil and paper 
to archive and graph the results.

Overview for Constructing the Recycled Bottle Growing Apparatus
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Investigation I: Growing First-Generation Plants

A. CONSTRUCTION OF THE RECYCLED BOTTLE GROWING APPARATUS

1. Remove label and cut the plastic water bottle about 3 inches from the opening of the 
bottle. Cut along the bottom of the bottle curve since this provides better control. 
You now have a top and a reservoir. 

2. Drill a hole in a bottle lid, enough to thread a wet wick through in the following 
step.

3. Soak the wicks in water to wet them for a few minutes.  Then, gently squeeze them 
to remove any air.

4. Carefully thread a wet wick strip through the hole in the lid. Put the lid back onto the 
bottle. 

5. Fill the reservoir with dilute fertilizer solution provided by your lab instructor. Invert 
the top (with the lid on) and set into its reservoir. Wick should reach bottom of reser-
voir. 

6. Add the potting mix to the top until it is ¾ full.  Do not over fi ll the top!

7. Lightly sprinkle water over the surface of the potting mix. The potting mix may drop 
a bit after water is added.

8. Place 5-6 seeds, on top of the potting mix in a circular manner around the edge of 
the bottle.  Make sure the seeds are evenly distributed.

9. Cover the seeds and soil with a thin layer of vermiculite (½ inch deep). Lightly sprinkle 
water to moisten the vermiculite.  Be careful not to water much as this may 
wash the seeds to the bottom of the reservoir.

10. Label the plants with your name or lab group and date.  

11. Place the plants under lights.  The bulbs should be no more than 5-8 centimeters from 
the top of the plants at all times.

12. Water the plants as needed (especially on Friday). If the liquid level drops in the reser-
voir, fi ll the reservoir with dilute fertilizer solution.

13. During this time, observe variation in the plants you are growing as well as those of 
your classmates. Try to identify a few traits that you could measure or observe reli-
ably.  Record your daily observations in your lab notebook.

OPTIONAL:  

To study the effects of environmental factors on plant growth, instruct your students 
to plant the Quick Plant™ seeds in fertilizer solutions at different concentrations
 (2X, 3X) to see how the Quick Plants™ are affected by such a variable.

Note:
Change or 
add the dilute 
fertilizer solu-
tion to the 
reservoir as 
needed.
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Investigation I: Growing First-Generation Plants

B. IDENTIFICATION OF TRAITS FOR ARTIFICIAL SELECTION

1. When the plants are 7 – 12 days old, the class needs to choose 1-2 variable traits for 
artifi cial selection. A few suggestions include height of plants, width of cotyledon, 
number of fl owers, number of cotyledon, etc. You may need a magnifi er to identify 
the selected traits accurately.

2. Some suggestions for measuring are as follows:

 • Height - Height is measured with the bottom edge of the ruler resting on the 
surface of the soil until the highest point of the plant (do not let the ruler touch 
the plant!).

 • Cotyledon Width - This measurement is taken on only ONE cotyledon, and should 
be taken from the wider cotyledon for consistency. 

3. Record the measurement of the selected trait(s) of each plant over a 12-day period.  
Table 1 is a suggestion of plant height recordings during a 12-day period.

Figure 1 - Measuring plant height Figure 2 - Measuring cotyledon width
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Investigation I: Growing First-Generation Plants

Plant# Day 3 Day 6 Day 9  Day12 Plant# Day 3 Day 6 Day 9 Day12 
1     31     
2     32     
3     33     
4     34     
5     35     
6     36     
7     37     
8     38     
9     39     
10     40     
11     41     
12     42     
13     43     
14     44     
15     45     
16     46     
17     47     
18     48     
19     49     
20     50     
21     51     
22     52     
23     53     
24     54     
25     55     
26     56     
27     57     
28     58     
29     59     
30     60     

 

TABLE 1 - First Generation: Plant Height Measurement (in mm) over time (12 days)
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Investigation I: Growing First-Generation Plants

C.  STEM-BASED STATISTICS FOR THE FIRST GENERATION

1. In your lab notebook, compile the list of traits your class identifi ed. Some of the 
suggested trials are: the height of plants, number of fl owers, number of cotyledon.  
Record your observations as Quick Plants™ grow and develop. 

2. Then select one trait of interest as a class (i.e. height of plant), and calculate the fol-
lowing data for the chosen trait of the fi rst generation: Mean, Mode, Median, Vari-
ance, and Standard Deviation.

 
 a. Mean is the average of a population.  It is computed by adding up all of the 

observed outcomes from the sample and dividing the sum by the total number of 
samples.  We use x as the symbol for the sample mean.

  Record the height of each plant on day 12. To fi nd the sample mean, add them 
and divide by 60 (total number of plants, for example).

         
  Question 1: What is the mean of the fi rst Quick Plant™ generation?

 b. Mode of a population is the number that appears most frequently in that popu-
lation.

  Which value (in mm) that occurs most often when measuring height of each 
plant?

  Question 2: What is the mode of the fi rst Quick Plant™ generation?

 c. Median of a set of data values is the middle value of the data set when it has 
been arranged in ascending order.  That is, from the smallest value to the highest 
value.

  To fi nd the median of the fi rst generation, fi rst sort the data in ascending order 
and fi nd the middle value of the data set. If there are two middle numbers, take 
the average of the two numbers to fi nd the median.

  Question 3: What is the median of the fi rst Quick Plant™ generation?

 d. Variance and Standard Deviation

  The Variance is the average squared deviation of each item of the population 
from its mean.  The Standard Deviation is the square root of the Variance.  It is a 
measure of how far the data is spread out.

    Variance:    Standard Deviation:
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Find the Variance and Standard Deviation of the fi rst generation of Quick Plants™ follow-
ing the instruction below.

a. Write down the mean of the population (from Question 1)

b. Write a table that subtracts the mean from each observed value.

c. Square each of the differences. Add this column.

d. To fi nd the Variance: divide by n -1 where n is the number of plants in the population 

e. To fi nd the Standard Deviation: take the square root of the Variance.  

Question 4: What is the standard deviation of the fi rst Quick™ Plant generation?

Investigation I: Growing First-Generation Plants
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Investigation I: Growing First-Generation Plants

ANALYSIS OF RESULTS

Create a Histogram that shows the frequency distribution of the trait you have selected for Genera-
tion one.

1. Label the independent variable (horizontal x-axis). 
2. Label the dependent variable (vertical y-axis). 
3. Title the Graph

 

 

4. Score each of your plants for the traits your class has chosen (i.e. height of plant). Find the top (or 
bottom) 10% plants with that trait in the entire class population (i.e out of the 60 plants, fi nd the 
6 tallest plants), and mark any that are in your plant container. Using scissors, remove the tops of 
the remaining plants (those not in the top 10%) from your container.

5. Once you have fi nished, isolate the plant with the chosen trait from the rest of the population. 
Continue to care for the plants as they will serve as the parents for the second generation.
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Investigation II:  Growing Second Generation Plants

Most of the Quick Plants™ will begin to fl ower approximately 14-16 days after planting. Stu-
dents should begin to pollinate when more than two Quick Plants™ fl ower. Continue pollinat-
ing every day among all open fl owers for up to 7 days. Quick Plants™ are not self-pollinated. 
Therefore, they need to be pollinated with bee sticks made by gluing a dried bee to the end of a 
toothpick.

A. CONSTRUCTION OF THE BEE STICKS FOR POLLINATION

1. Obtain a dead honeybee from your lab instructor.  With a razor, carefully remove the head, 
abdomen, legs and wings from the thorax.  

2. Place a drop of glue on the end of a toothpick, gently skewer it through the thorax of the 
bee and allow the bee stick to dry (overnight).  

3. Store the bee stick in a container until ready to use.

B. PERFORMING CROSS-POLLINATION IN THE SELECTED POPULATION

1. On about day 14 -16, when fl owers are present on the selected plants, practice cross-polli-
nating the selected plants with a single bee stick.  

2. To pollinate, gently rub the bee stick on the stamens of a fl ower on one plant.  Then touch 
the bee stick to stigma of a fl ower on a different plant.  Then, rub the bee stick in the sta-
mens of this plant and rub the bee stick on the stigma of the original plant.

3. Pollinate fl owers in the selected population for the next three days with the same bee stick. 
Record observations about pollination in your lab notebook. 

4. Maintain the plants through the rest of their life cycle as the seedpods continue to form. 
Once the seedpods start to turn yellow (about day 28–36), remove the fertilizer water from 
the reservoirs and allow the plants to dry for several days. 

5. After the plants and seedpods have dried (about a week later), harvest the seedpods from 
the selected population into a small paper bag for further drying. Collect your data by mea-
suring the pods, counting (and save) the seeds.

Thorax

Glue

Toothpick

Bee Stick
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Investigation II:  Growing Second Generation Plants

C.  GROWING THE SECOND GENERATION OF QUICK PLANTS™

1. Obtain seeds from the selected population and plant them for the second generation 
of plants under conditions that are identical to those you used for the fi rst genera-
tion. 

2. Use new bottle containers if available.  If not, the previous bottle systems can be used 
but be certain that you thoroughly wash the bottles with soap solution then rinse 
well.  Remember to use new nylon mason twine, new soil, and new vermiculite. 

3. To get your seed, break open the seedpods into a small plastic petri dish lid, and 
plant them as instructed previously in Investigation I.

4. The seeds should germinate in 2-3 days. When the second-generation plants are 
about seven to 12 days old, reexamine the plants and score for the trait you selected. 

5. Discard the plants and clean up your growing systems at this point unless you intend 
to perform another round of selection.

Bee Stick

Flowering plant #1 Flowering plant #2

To pollinate, rub the bee stick on the stamens of a flower on one plant.  
Then touch the bee stick to stigma of a flower on a different plant.  
Then, rub the bee stick in the stamens of this plant and return to the 
original plant and rub the bee stick on the stigma.
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Investigation II:  Growing Second Generation Plants

Plant# Day 3 Day 6 Day 9  Day12 Plant# Day 3 Day 6 Day 9 Day12 
1     31     
2     32     
3     33     
4     34     
5     35     
6     36     
7     37     
8     38     
9     39     
10     40     
11     41     
12     42     
13     43     
14     44     
15     45     
16     46     
17     47     
18     48     
19     49     
20     50     
21     51     
22     52     
23     53     
24     54     
25     55     
26     56     
27     57     
28     58     
29     59     
30     60     

 

TABLE 2 - Second Generation: Plant Height Measurement (in mm) over time (12 days)
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Investigation II:  Growing Second Generation Plants

1. Calculate the following data for the chosen trait of the second generation: Mean, 
Mode, Median, Variance, and Standard Deviation. Refer to Investigation I for instruc-
tion to determine these values.

         
 Question 1: What is the mean of the second Quick™ Plant generation?

 Question 2: What is the mode of the second Quick™ Plant generation?

 Question 3: What is the median of the second Quick™ Plant generation?

 Question 4: What is the standard deviation of the second Quick™ Plant generation?
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ANALYSIS OF RESULTS

Create a Histogram that shows the frequency distribution of the trait you have selected 
in Generation one and now observed in Generation two.

1. Label the independent variable (horizontal x-axis). 

2. Label the dependent variable (vertical y-axis). 

3. Title the Graph

Investigation II:  Growing Second Generation Plants
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Study Questions

Answer the following study questions in your laboratory notebook or on a separate 
worksheet.

1. What is natural selection?

2. What is artifi cial selection?

3. In this experiment, why is Brassica Quick™ Plant an ideal organism for studying artifi -
cial selection?
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Instructor’s 
Guide

OVERVIEW OF LABORATORY INVESTIGATIONS

The “hands-on” laboratory experience is a very important component of 
science courses.  Laboratory experiment activities allow students to iden-
tify assumptions, use critical and logical thinking, and consider alterna-
tive explanations, as well as help apply themes and concepts to biological 
processes.  

EDVOTEK experiments have been designed to provide students the oppor-
tunity to learn very important concepts and techniques used by scientists in 
laboratories conducting biotechnology research.  Some of the experimental 
procedures may have been modifi ed or adapted to minimize equipment 
requirements and to emphasize safety in the classroom, but do not com-
promise the educational experience for the student.  The experiments have 
been tested repeatedly to maximize a successful transition from the labora-
tory to the classroom setting.  Furthermore, the experiments allow teachers 

Notes to the Instructor 

Visit our web site for information 
about EDVOTEK's complete line 
of experiments for biotechnology 

and biology education.

and students the fl exibility to further modify and 
adapt procedures for laboratory extensions or 
alternative inquiry-based investigations.

ORGANIZING AND IMPLEMENTING THE 
EXPERIMENT

Class size, length of laboratory sessions, and avail-
ability of equipment are factors which must be 
considered in the planning and the implementa-
tion of this experiment with your students.  These 
guidelines can be adapted to fi t your specifi c set 
of circumstances.

If you do not fi nd the answers to your questions 
in this section, a variety of resources are continu-
ously being added to the EDVOTEK web site. 
 
        www.edvotek.com

In addition, Technical Service is available from 
9:00 am to 6:00 pm, Eastern time zone.  Call for 
help from our knowledgeable technical staff at 
1-800-EDVOTEK (1-800-338-6835).

Visit the EDVOTEK web site often 
for updated information.

Mon - Fri  9 am - 6 pm E
T

(1-800-338-6835)

EDVO-TECH SERVICE

1-800-EDVOTEK

Mon - Fri
9:00 am to 6:00 pm ET

FAX:  202.370.1501
web:  www.edvotek.com

email:  info@edvotek.com

Please have the following 
information ready:

•  Experiment number and title
•  Kit lot number on box or tube
•  Literature version number
       (in lower right corner)
•  Approximate purchase date

Technical Service
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Order
Online



22 Duplication of any part of this document is permitted for non-profi t educational purposes only. 
Copyright © 1989-2013 EDVOTEK, Inc., all rights reserved.     EVT AP01.130109

Artifi cial SelectionAP01
EXPERIMENT

The Biotechnology Education Company®  •  1-800-EDVOTEK  •  www.edvotek.com

In
st

ru
ct

o
r’

s 
G

u
id

e

Instructor’s
Guide

Notes to the Instructor 

FIRST GENERATION

• DAY 1: Plant Quick Plant™ seeds (best done on a Monday so students can observe 
seedlings emerge). 

• DAY 3 - 9: Observe, measure plants, and record data (e.g. height, stem/leaf color) in 
lab notebook.

• DAY 10: Observe/measure plants. Determine what trait will be selected.  Carefully 
record students’ data collection procedures in lab notebook. 

• DAY 12: Combine class data to determine the range, median and mode for the se-
lected trait.  Choose the plants that will be used for the second generation. Remove 
plants that were not selected for breeding.

• DAY 13: Observe/measure plants. Make bee sticks in preparation for pollination 

• DAYS 14 – 22: Pollinate with bee sticks every day or every-other day for one week. 
Observe/measure plants.

• DAY 23 – 32: Observe/measure plants.

• DAY 40 - 42: Allow plants and seed pods to dry out. Stop refi lling reservoirs with 
dilute fertilizer solution.

• DAY 50 – 52: When seed pods are dried and crispy, the seeds can be planted for Sec-
ond Generation.

SECOND GENERATION

• DAY 1: Plant the offspring seeds.

• DAYS 3 – 9: Observe/measure.

• DAY 9 -12: Observe/measure plants. Combine class data to determine the range, 
median and mode for the selected trait in the offspring population. Compare to data 
from the fi rst generation.
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Pre-Lab Preparations

1. There is enough material (seeds, Nylon, Mason twine, potting mix, fertilizer, vermicu-
lite, bees and sticks) for 10 lab groups, with each group performing one apparatus.

2. If time does not permit the students to perform the entire experiment (growing both 
FIRST and SECOND generation plants), teachers should pre-grow the fi rst generation 
and allow students to proceed with the second generation plants.

3. To prepare the dilute fertilizer solution, add approximately 0.65 g of the fertilizer 
provided to a fi nal volume of 1 L with water.  Mix well.
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Experiment Results and Analysis

• In this investigation, 10 growing systems were constructed using the recycled water 
bottles and 6 plants developed per system. 

• After having selected the desired trait (height of plants) for our second generation, 
we removed plants that were not selected for breeding. 

• 16 plants were chosen for inter-mating using bee sticks. These parent plants grew, 
matured and developed seed pods. Plants with their developing pods were taken off 
water and left under the lights for the seeds to mature. 

• We then harvested our seed and planted them for the next generation. 
• Height measurement was recorded to see if the second generation is taller or shorter, 

on average, than the parents’ generation.

Investigation I: Growing First-Generation Plants

The seeds sprouted, and the height of each plant was recorded every 3 days. Our data for 
the fi rst 12 days is shown below.

Day 3 Day 6

Day 9 Day 12



25Duplication of any part of this document is permitted for non-profi t educational purposes only. 
Copyright © 1989-2013 EDVOTEK, Inc., all rights reserved.     EVT AP01.130109

The Biotechnology Education Company®  •  1-800-EDVOTEK  •  www.edvotek.com

AP01
EXPERIMENT

Artifi cial Selection
In

stru
cto

r’s G
u

id
e

Instructor’s
Guide

Experiment Results and Analysis

Plant# Day 3 Day 6 Day 9  Day12 Plant# Day 3 Day 6 Day 9 Day12 
1 8 15 19 38 31 6 8 15 20 
2 7 12 17 35 32 8 15 24 35 
3 7 14 18 33 33 5 8 13 39 
4 5 6 9 19 34 4 7 14 33 
5 6 8 14 23 35 9 12 19 38 
6 9 18 28 37 36 5 7 11 16 
7 4 7 12 25 37 6 8 15 38 
8 8 15 19 36 38 4 7 10 15 
9 6 8 11 14 39 8 15 22 38 
10 5 8 11 17 40 7 11 25 42 
11 7 8 12 34 41 7 13 16 18 
12 8 11 14 18 42 5 8 11 16 
13 4 8 13 18 43 6 9 12 17 
14 9 14 18 39 44 8 15 23 39 
15 7 9 15 37 45 9 14 27 43 
16 7 8 13 18 46 5 8 13 20 
17 6 8 14 35 47 5 6 9 14 
18 9 12 15 38 48 6 8 11 17 
19 8 10 16 18 49 8 12 15 21 
20 5 6 8 15 50 9 17 26 44 
21 9 12 15 36 51 7 12 23 37 
22 4 6 18 42 52 7 10 16 24 
23 9 14 20 46 53 8 16 20 36 
24 7 9 12 20 54 6 8 11 16 
25 8 11 18 22 55 4 6 7 13 
26 5 7 15 18 56 5 8 14 18 
27 9 12 14 17 57 4 6 10 15 
28 4 8 12 15 58 8 11 18 22 
29 9 11 18 23 59 5 10 13 18 
30 5 7 15 17 60 9 18 25 41 

TABLE 1 - First Generation: Plant Height Measurement (in mm) over time (12 days)
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STEM-BASED STATISTICS FOR THE FIRST GENERATION

Question 1: What is the Mean of the fi rst generation?

Answer: A class data was collected on the height of each plant during the 12-day period.
38, 35, 33, 19, 23, 37, 25, 36, 14, 17, 34, 18, 18, 39, 37, 18, 35, 38, 18, 15, 36, 42, 46, 20, 22, 
18, 17, 15, 23, 17, 20, 35, 39, 33, 38, 16, 38, 15, 38, 42, 18, 16, 17, 39, 43, 20, 14, 17, 21, 44, 
37, 24, 36, 16, 13, 18, 15, 22, 18, 41
 
To fi nd the sample mean, add the above numbers up and divide by 60.

                     1606
         X   =               =  26.8
                       60

Question 2: What is the Mode of the fi rst generation?

Answer: The Mode of the fi rst generation is 18. This number occurs most frequently in the 
population.

Question 3: What is the Median of the fi rst generation?

Answer: To fi nd the median, fi rst sort the data:
13, 14, 14, 15, 15, 15, 15, 16, 16, 16, 17, 17, 17, 17, 17, 18, 18, 18, 18, 18, 18, 18, 18, 19, 20, 
20, 20, 21, 22, 22, 23, 23, 24, 25, 33, 33, 34, 35, 35, 35, 36, 36, 36, 37, 37, 37, 38, 38, 38, 38, 
38, 39, 39, 39, 41, 42, 42, 43, 44, 46

Notice that there are two middle numbers 22 and 23.  To fi nd the median we take the 
average of the two.

                              22 + 23
        Median  =                      =  22.5
                                  2

Experiment Results and Analysis



27Duplication of any part of this document is permitted for non-profi t educational purposes only. 
Copyright © 1989-2013 EDVOTEK, Inc., all rights reserved.     EVT AP01.130109

The Biotechnology Education Company®  •  1-800-EDVOTEK  •  www.edvotek.com

AP01
EXPERIMENT

Artifi cial Selection
In

stru
cto

r’s G
u

id
e

Instructor’s
Guide

Experiment Results and Analysis

Question 4: What is the Standard Deviation of the fi rst generation?  

Write down the mean of the population:   =  26.8 

X 
X -  (X - )2 X 

X -  (X - )2 

38 11.2 125.4 20 -6.8 46.2 
35 8.2 67.2 35 8.2 67.2 
33 6.2 38.4 39 12.2 148.9 
19 -7.8 60.8 33 6.2 38.4 
23 -3.8 14.4 38 11.2 125.4 
37 10.2 104.0 16 -10.8 116.6 
25 -1.8 3.24 38 11.2 125.4 
36 9.2 84.6 15 -11.8 139.2 
14 -12.8 163.8 38 11.2 125.4 
17 -9.8 96.0 42 15.2 231.0 
34 7.2 51.8 18 -8.8 77.4 
18 -8.8 77.4 16 -10.8 116.6 
18 -8.8 77.4 17 -9.8 96.0 
39 12.2 148.9 39 12.2 148.9 
37 10.2 104.0 43 16.2 262.4 
18 -8.8 77.4 20 -6.8 46.2 
35 8.2 67.2 14 -12.8 163.8 
38 11.2 125.4 17 -9.8 96.0 
18 -8.8 77.4 21 -5.8 33.6 
15 -11.8 139.2 44 17.2 295.8 
36 9.2 84.6 37 10.2 104.0 
42 15.2 231.0 24 -2.8 7.84 
46 19.2 368.6 36 9.2 84.6 
20 -6.8 46.2 16 -10.8 116.6 
22 -4.8 23.0 13 -13.8 190.4 
18 -8.8 77.4  18 -8.8 77.4 
17 -9.8 96.0 15 -11.8 139.2 
15 -11.8 139.2 22 -4.8 23.0 
23 -3.8 14.4 18 -8.8 77.4 
17 -9.8 96.0 41 14.2 201.6 
 

Total of (X - )2 = 6402.7 
 
 

To find the Variance: divide Total of (X - )2 by n -1 where n is the number of 
plants in the population  

            6402.7
         Variance =                      =  108.5
                                     60 - 1   

To fi nd the Standard Deviation: take the square root of the Variance.  The Standard De-
viation of the fi rst generation is: 10.4
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Experiment Results and Analysis

Create a Histogram that shows the frequency distribution of the trait you have 
selected.

1. Label the independent variable (horizontal x-axis) as Plant Height (mm) 
2. Label the dependent variable (vertical y-axis) as Frequency (Number of Plants)
3. Title the Graph: Plant Height Distribution: First Generation



29Duplication of any part of this document is permitted for non-profi t educational purposes only. 
Copyright © 1989-2013 EDVOTEK, Inc., all rights reserved.     EVT AP01.130109

The Biotechnology Education Company®  •  1-800-EDVOTEK  •  www.edvotek.com

AP01
EXPERIMENT

Artifi cial Selection
In

stru
cto

r’s G
u

id
e

Instructor’s
Guide

INVESTIGATION II: GROWING SECOND GENERATION PLANTS

TABLE 2 - Second Generation: Plant Height Measurement (in mm) over time (12 days)

Experiment Results and Analysis
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Experiment Results and Analysis

STEM-BASED STATISTICS FOR THE SECOND GENERATION

Question 1: What is the Mean of the second generation?
Question 2: What is the Mode of the second generation?
Question 3: What is the Median of the second generation?
Question 4: What is the Standard Deviation of the second generation?

To answer the above questions, students should apply the same calculation method used 
in calculating the STEM-based statistics for the fi rst generation.

Create a Histogram that shows the frequency distribution of the trait you have 
selected.

1. Label the independent variable (horizontal x-axis) as Plant Height (mm) 
2. Label the dependent variable (vertical y-axis) as Frequency (Number of Plants)
3. Title the Graph: Plant Height Distribution: Second Generation
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Study Questions and Answers

1. What is natural selection?

 Natural selection is the process in nature by which only the most adapted 
organism to an environment will survive, produce offspring, and be able to 
pass on their genetic heredity to the next generation.  

2. What is artifi cial selection?

 Artifi cial selection is a selective breeding process in which certain favorable 
traits are intentionally chosen for breeding.

3. In this experiment, why is Brassica Quick Plant™ an ideal organism 
for studying artifi cial selection?

 The ability to grow from seed to seed in about 40 days makes Brassica Quick 
Plant™ an ideal organism for studying artifi cial selection in plant research 
and education.


