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Science, Technology, Engineering, and Mathematics (STEM) 
Curriculum Integration Program (CIP) 

(STEM-CIP) 
�

Welcome to the exciting world of STEM. STEM is a new way 
to learning Science, Technology, Engineering, and Mathematics 
(STEM). These four disciplines are taught together, as one, 
rather than being taught as separate as in the past. The natural 
connections among the four disciplines have always been there in 
scientific and engineering research labs and in professional work 
settings, but not always in your classroom.  

 
The modules of the STEM-CIP Program have been designed to 
engage you in stimulating, real, and current problems and 
questions. These problems and questions involve the life, 
physical, environmental, and earth/space sciences, technology, 
engineering, and mathematics, in other words STEM.  
 
As you learn about STEM you will be 

acting as an engineer using science, technology, and 
mathematics to solve problems through designing and creating 
products and processes. Many of these products you use in 
some form in everyday life. In the STEM-CIP modules you 
will design Alka-Seltzer rockets, develop models of amusement 
park rides, and engineer wind turbines and cars. As you do so, 
you will follow the same processes and thinking that engineers, 
scientists, and mathematicians use when they solve real world 
problems and questions.  
 
So sit back, buckle up, and let’s launch into the world of STEM.  
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Engage: Designer Genes 

 
Origin of the 
Saying   

Although the origin of the saying “Chip off 
the Old Block” is hundreds of years old, it is 
still used today and means a person or thing 
that derives from the source of parentage. 
Think of a block of wood that is being 
chipped apart. Each chip can be identified as 
a piece of the original block. In the same 
manner, you can be biologically identified as 
the son or daughter of one, and only one, set 
of parents. Therefore, your parents are 
considered the block and you are the chip. 
This module will help you understand why 
you look so much like your biological 
parents.   
 
                                     

 
Mathematics 
Readiness 
Assessment 

Mathematics and science go hand-in-hand. Many times mathematics is necessary to 
understand and work with science concepts. In order to fully understand the science 
and be successful with investigations and activities in this module it is important for 
your teacher to know if you already know some mathematics computations and 
skills. On page 1 of the Student Data and Response Booklet (SDRB) is a 
mathematics readiness assessment designed for this module. Complete it to the best 
of your ability. It will not be graded; it will be used to help your teacher create 
strategies so that you can successfully complete the activities. 

 
How Much Do 
You Already 
Know? 

In order for you to understand what is presented in this module, it is important for 
you and your teacher to assess how much information you already know about cells 
and cell structure. On page 7 of the Student Data and Response Booklet (SDRB), you 
will find a “What Do You Already Know” survey.  This survey will not be graded; 
however, it is important that you respond to the questions as best you can. If you 
forgot concepts that are a foundation to the material presented in this module, your 
teacher can provide additional instruction. 

                                                                                               Continued on next page 



              

Engage: Designer Genes, Continued 

 
Inherited  
Traits 
(continued) 

 
 
The color of a person’s eyes is not accidently determined. Every characteristic about 
you is inherited from your parents. These inherited characteristics are called traits .  
Even the kind of earlobe you have is an inherited trait. Consider the types of earlobes 
below; which kind of earlobe do you have? If you have problems determining if your 
earlobe is free or attached, ask a classmate to help. 
 

                 
                   Free Earlobe    Attached Earlobe 

 
Another good example of an inherited trait is the human tongue. Look at the picture 
below and determine if you can “roll” your tongue. To roll your tongue, try and  
make the sides roll upward?   If you’re not sure, look in a mirror or ask a classmate. 
 
For most people, no amount of practice will help them learn to roll their tongue. 
Why? Because the ability to roll one’s tongue is not learned; most scientists believe it 
is inherited—another one of your traits.  
 

                                  
               Tongue Roller       

 
The Nature  
of Science 

Although, most scientists believe that tongue rolling is an inherited trait, some don’t. 
Log onto the web site http://udel.edu/~mcdonald/mythtongueroll.html for a 
discussion of this. 
 
E1:  Now that you have had an opportunity to review the differing opinions scientists 

have about whether tongue rolling is inherited or not. What does this difference 
of opinion indicate to you about the nature of science? Respond to this question 
on page 11 of the SDRB. 

                                                                                          Continued on the next page 



              

Engage: Designer Genes, Continued 

 
Module 
Challenge 
 

The activities in this module have been 
designed to help you answer questions 
about your inherited traits. You will learn 
about and explain how your traits are 
inherited from your parents. You will 
explore what the odds are that a particular 
trait will be passed on to the next 
generation, and what will be the visible 
outcome of a trait controlled by a single 
pair of genes. Genes are found in the 
chromosome and contain instructions for 
making specific proteins. They are in 
almost every cell in your body and come 
from both of your parents. This means you have two genes for each of your traits.   
 
Learning how the trait is determined is the study of genetics. Genetics is the science 
of heredity and variation of organisms. In this module, you will act as a geneticist, a 
scientist who studies genetics, the science of heredity and variation of organisms.    
 
A geneticist can be a physician, a teacher, or researcher. Some geneticists perform 
experiments and analyze data to interpret the inheritance of traits.  
 
In Activity 9, you will be asked to apply what you have learned to genetically 
“engineer” a hypothetical human “baby.” Your results—a hypothetical baby—will be 
evaluated based upon the accuracy and clarity of your drawings and the correct use of 
scientific terminology.  
 

 
 
 
 
 
 

 
 
 
 
Important Note: Many new terms will be introduced in this module. To assist you 
there is a glossary of terms at the end of this booklet. 

 



              

 Activity 3:  Are You My Phenotype? 

 
Activity  In “Are You My Phenotype”, you will explore in more depth what is a phenotype by 

examining, describing, and germinating genetic corn. In Activity 3, you will utilize 
the “M” in STEM (Science, Technology, Engineering, and Mathematics) in the form 
of probabilities to describe the phenotypes of germinated genetic corn seeds. This 
activity begins to develop the groundwork for developing your understanding of 
genotypes, genes, and alleles. 

 
Materials 
Needed 

8  Corn seeds 
1  Beaker or clear container 
Paper towels (dampened) 

 
Albino 
Corn 

                                    
 
                      Albino and Green  
                                       Corn Seedlings 
 
 
 
 
 
 
 
 
 
 
 
 
Sometimes corn seedlings are albino which means they lack chlorophyll, a vital 
ingredient in a plant's survival. The chlorophyll's function is to absorb light so the 
plant can go through photosynthesis. Without sufficient chlorophyll, the plant would 
not be able to get sufficient sunlight, and thus, sufficient food/nutrients. That's why 
albino seeds tend to die more quickly than normal seeds. 

                                                                                                  Continued on next page



              

 

Activity 3:  Are You My Phenotype?, Continued 

 
Explore 
 

In this investigation, you will explore how often albino corn seedlings tend to occur. 
To do this, obtain eight corn seeds and place them in a clear container. Fill your 
beaker with a damp paper towel so that the seeds are pressed against the glass for 
easy viewing as shown in the following diagram 

 

 

                                          Paper towel 

                                          Corn seeds 

 

Keep the beaker and seeds at room temperature and in a few days the seeds should 
germinate. When the seeds germinate, a difference in color will be obvious.  

3a.  On page 25 of the SDRB design a table to record your observations. In addition 
to data, include a place on the data table to compile your data with the rest of the 
class. Use the “Data Organization Table” performance list rubric on page 85 of 
the SDRB to make certain you are including all the important elements to create 
a data table. 

 
Explain 3b.  Write a lab report on page 25 of the SDRB that answers the experimental 

question based on your data.  On page 79 of the SDRB you will find a “Lab 
Report” performance list rubric for writing this report.  

 
What is 
Probability? 

Probability  is the chance that something will happen—how likely some event will 
occur. It is expressed by the ratio of the number of actual occurrences to the total 
number of possible occurrences.  

Example:   If a penny is flipped, there is a 
1
2

 (1 : 2) chance 

                  that the penny will land heads up. 
 
Throughout this module you will use probability to determine the 
chance that a trait will occur. 
 
Note:  the probability of an event will not be more than 1, because 1 is certain that 
something will happen. In addition, the probability of an event will not be less than 0 
(zero), because it would mean that something will not happen. 

                                                                                              Continued on next page 



              

Activity 3:  Are You My Phenotype?, Continued 

 
Explain 3c.   Refer to the data you collected on page 25 of the SDRB and determine your 

probability and the class probability of green plants to albino plants? Record 
your results on page 28 of the SDRB. How do you explain these results? 

 
Father of 
Genetics 

For thousands of years farmers and herders have been selectively breeding their 
plants and animals to produce more useful hybrids (hybrid - an offspring that was 
given different genetic information for a trait from each parent).  It was somewhat of 
a hit or miss process since the actual mechanisms governing inheritance were 
unknown. Knowledge of these genetic mechanisms finally came as a result of careful 
laboratory breeding experiments carried out over the last century and a half. 

By the 1890's, the invention of better microscopes allowed 
biologists to discover the basic facts of cell division and sexual 
reproduction. The focus of genetics research then shifted to 
understanding what really happens in the transmission of 
hereditary traits from parents to children. A number of 
hypotheses were suggested to explain heredity, but Gregor 
Mendel (1822–1884), a little known Central European monk,    
was the only one who got it more or less right. His ideas had  
been published in 1866 but largely went unrecognized until  
1900, which was long after his death. His early adult life                    Gregor Mendel                         
was spent in relative obscurity doing basic genetics research and                     
teaching high school mathematics, physics, and Greek in Brno (now in the Czech 
Republic).  

As he observed the peas that grew in his garden, he noticed 
that he had some tall plants and some short ones.  The 
short plants always produced peas that, if planted, grew 
into more short plants. But the peas from the tall plants 
mostly produced tall plants but sometimes short plants 
would grow from the peas of a tall plant.  By performing 
experiments on peas in his garden at the monastery, he 
formed the basic laws of heredity, which are an 
explanation of how characteristics are passed from parent 
to child.   

 
The three major laws of heredity, which apply to all plants and animals, are: 

·  Genes occur in pairs. 
·  Genes can be dominant or recessive. 
·  Genes of pairs separate from each other when gametes (sperm or egg) are 

formed. 

                                                                                                         Continued on next page 



              

 

Activity 3:  Are You My Phenotype?, Continued 

 
Mendel’s  
Data 

The following chart contains data that Gregor Mendel collected when he observed 
the growth and development of garden peas. There are several reasons he selected the 
garden pea as the basis for his experiments on heredity. Garden peas differed in 
certain definite characteristics. Those characteristics and their traits are listed in the 
following chart. He called the trait with the greatest numbers the dominant trait and 
the one with fewer numbers the recessive trait. 
 

Mendel’s Data on Garden Peas 
Characteristic Dominant Trait No. Recessive Trait No. Probability 
Flower color Purple 705 White 224  
Seed color Yellow 6,002 Green 2,001  
Seed shape Round 5,474 Wrinkled 1,850  
Pod color Green 428 Yellow 152  
Pod shape Smooth 882 Bumpy 299  

Flower position Along stem 651 At tip 207  
Plant Height Tall 787 Short 277  

  
3d.   Follow in Mendel’s footsteps and use his data above to calculate the probability 

for each characteristic. Record your results on page 28 of the SDRB. 

 
Apply What 
You Learned 

Below is an enlargement of one section of an ear of genetic corn.  
 
 

Row 1 (14 kernels) 
 
 
Row 2 (13 kernels) 

 
 

Row 3 (14 kernels) 
 

In the above picture: 
A  represents a Purple (P), Smooth (S) kernel of corn 
B  represents a Purple (P), Shrunken (s) kernel of corn 
C  represents a Yellow (p), Smooth (S) kernel of corn 
D  represents a Yellow (p), Shrunken (s) kernel of corn 

 
3e.  Count the number of purple to yellow seeds for all three rows. Determine the 

probability and record your results on page 29 of the SRDB.  
 

Next, count the number of smooth to shrunken seeks for all three rows. 
Determine the probability and record your results on page 29 of the SRDB. 

                                                                                                     Continued on next page 



              

Activity 3:  Are You My Phenotype?, Continued 

 
Apply What 
You Learned 
(continued) 

3f.   Using the probabilities you just calculated, determine which are dominant and 
which are recessive genes in the genetic corn. Use the chart on page 29 of the 
SDRB to record your responses. 

 

                      

 
Dominant or 
Recessive 

3g.    Refer to the Human Trait Inventory on page 12 of the SDRB. Use your findings 
to complete the chart on page 30 of the SDRB to determine which phenotype 
comes from a dominant gene and which comes from a recessive gene. 

 
How Does  
Your Class 
Compare? 

3h.   Below is a list of dominant and recess traits in humans. Look at the list and, then 
circle the traits on page   in the SDRB in which your class results agree with the 
list 

     
Traits 

Trait Dominant Recessive 
Tongue roller Non-tongue roller 
Earlobe Unattached  Attached  
Smile Dimples No dimples 

Hairline Widow’s Peak Straight 
Interlaced Fingers Left thumb on top Right thumb on top 

Thumb Straight Hitchhiker 
Little Finger Bent Straight 
Second Toe Longer than big toe Shorter than big toe 

Freckles Has freckles No freckles 
Eye Shape Oval Round 

Chin Has cleft No Cleft 
  

 
Check Your 
Understanding 

On page 31 of the SDRB, answer the six multiple choice questions to determine how 
much of Activity 3 you understood. 

 
 
 
 
 
 
 



              

 

Glossary of Terms 
 



Adenine - one of the four bases in DNA that 
make up the letters ATGC, adenine is the "A". 
The others are guanine, cytosine, and thymine. 
Adenine always pairs with thymine. 
 
Albino – plant lacks chlorophyll; animals lack 
pigmentation 
 
Allele - a different form of a gene 

Autosomal - pertaining to a chromosome that is 
not a sex chromosome. People normally have 22 
pairs of autosomes (44 autosomes) in each cell 
together with two sex chromosomes (X and Y in 
the male and XX in the female).  

Cell cycle – the cell cycle, or cell-division 
cycle, is the series of events that take place in a 
cell leading to its replication. These events can 
be divided in two brief periods: interphase—
during which the cell grows, accumulating 
nutrients needed for mitosis and duplicating its 
DNA—and the mitotic (M) phase, during which 
the cell splits itself into two distinct cells, often 
called "daughter cells". 
 
Chromatid –one of two identical copies of 
DNA making up a chromosome, which are 
joined at their centromeres, for the process of 
cell division (mitosis or meiosis). The term is 
used so long as the centromeres remain in 
contact. When they separate (during anaphase of 
mitosis and anaphase II of meiosis), the strands 
are called daughter-chromosomes. 
 
Chromosome - structure found in cells that 
contain DNA, these structures are normally 
visible only during cell reproduction 
 
Cytosine - one of the four bases in DNA that 
make up the letters ATGC, adenine is the "A". 
The others are guanine, cytosine, and thymine. 
Adenine always pairs with thymine. 
 
Darwin's point  - small "lump" on outer curve 
of ear, a dominant inherited trait 
DNA (deoxyribonucleic acid) - the chemical (an 
organic compound) that carries the genetic 
information found in the nucleus of cells in a 

double helix structure (discovered by Watson 
and Crick) 
 
DNA fingerprint  - term used to describe the 
DNA combination unique to each human 
 
Dominant - a trait that prevents another trait 
from appearing 
Double helix - term used to describe the 
structure of a DNA molecule 
 
Gamete - a reproductive cell, an egg or a sperm 
 
Gene - the unit of inheritance that is passed 
from parents to offspring 
 
Genetic engineering - the process of altering 
the DNA combination of an organism, usually 
done to improve or protect the organism 
 
Genetics - the study of heredity 
 
Generation - the average period of time 
between the birth of parents and the birth of 
their offspring 
 
Genome - in modern molecular biology the 
genome of an organism is its whole hereditary 
information and is encoded in the DNA 
 
Genotype - the genetic combination inherited 
from both parents 
 
Guanine - one of the four bases in DNA that 
make up the letters ATGC, adenine is the "A". 
The others are guanine, cytosine, and thymine. 
Adenine always pairs with thymine. 
 
Heredity - the passing of traits from parents to 
offspring 
 
 
Homologous 
chromosomes – are 
chromosomes in a 
biological cell that pair 
during meiosis, and that 
contain information for 
the same biological 
features and contain the 



              

same genes at the same loci, but possibly 
different genetic information, called alleles, at 
those genes. For example, two chromosomes 
may have genes encoding eye, color, but one 
may code for brown eyes, the other for blue. 
 
Heterozygous - composed of different genes, 
one dominant, one recessive 
 
Homozygous - composed of the same genes, 
both dominant or recessive 
 
Hybrid  - a trait that is made up of a 
combination of dominant and recessive traits 
(though only the dominant trait is visible) 

Human Genome Project (HGP) - completed in 
2003, the Human Genome Project (HGP) was a 
13-year project coordinated by the U.S. 
Department of Energy and the National 
Institutes of Health. Project goals were to  

·  identify all the approximately 20,000-
25,000 genes in human DNA,  

·  determine the sequences of the 3 billion 
chemical base pairs that make up human 
DNA,  

·  store this information in databases,  
·  improve tools for data analysis,  
·  transfer related technologies to the 

private sector, and  
·  address the ethical, legal, and social 

issues (ELSI) that may arise from the 
project.  

 
 
Meiosis - cell division in which sex cells with 
half the number of chromosomes  
are produced, reduction division 
 
Melanin - a dark pigment found in the cells of 
humans and some animals 
 
Mitosis - the process in which a cell divides to 
form two cells – the phases are prophase, 
metaphase, anaphase, and telophase. 
 
Mutation - change in genes or chromosomes 
that causes a new trait to be inherited 

 
Nucleotides - cell structures that are located in 
the nucleus and make up dna and rna 
 
Phenotype - the expressed or visible trait 
 
Punnett square - used to show the possible 
ways genes are combined when passed from 
parents to offspring 
 
Pure - genes are homozygous, both dominant or 
both recessive 
 
Recessive - a trait that does not appear when the 
dominant trait is present 
 
Recombinant DNA - dna that is formed by 
combining dna from two different cells 
 
RNA (ribonucleic acid) - chemical produced by 
dna that produces protein, is very similar 
structurally to dna 
 
Trait  - a distinguishing quality 
 
Thymine - one of the four bases in dna that 
make up the letters atgc, adenine is the "a". the 
others are guanine, cytosine, and thymine. 
adenine always pairs with thymine. 
 
Zygote - fertilized egg 
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