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Kit List: 

Needlework Frame 

WVU Bag 

2 Cups 

Gloves 

Drinking Water Testing Kit 

Fork 

Spoon 

Safety Card 

Pipette 

Small Test Tube 

Test Tube with Blue Dawn Dish Soap 

Two Chocolates 

Gum 

Spray bottle of Isopropyl Alcohol 

Pencils, Pen, Highlighter, Marker 

Baggie with Nitrate Test 

Baggie with Phosphate Test 

Baggie with Dissolved Oxygen and BOD Test 

Baggie with pH Test 

Baggie with Turbidity Test 

2 nylon screens (Not pictured) 
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Club Meetings and Due Dates 

Write down the dates and times of your club meeting as well as due dates for your activities.  
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West Virginia State University  

 

 

 

Welcome HSTA campers  

(aka Hydrosphere Detectives!)!  

You will explore and learn more about water quality, data collection, and graphing! 

This module will allow you to collect data from local streams, as well as investigate water 

quality in your own home. Water is essential for all human life, and our activities impact it. 

In addition, throughout the week by using the QR codes, you can also learn about various careers 

with the Department of Environmental Health doing work that is very similar to what you will be 

examining during this week! 

 

Learn About Us At: 

https://www.wvstateu.edu/ 
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Activity #1: Nitrates and Phosphates 

 

What are nitrates? 
 
This module:  
 

• Reviews the selection of a GLOBE hydrology site  

• Reviews the water sampling technique used in GLOBE hydrology protocols 

• Provides a step by step introduction of the protocol method 
 

Learning Objectives 
 
After completing this module, you will be able to: 
 

• Define water nitrates and explain how environmental variables can result in different 
measurements 

• Describe the importance of instrument calibration in the collection of accurate data 

• Conduct water nitrate measurements using a nitrates test kit 

• Record data collection 
 

Overview  
 
The hydrosphere is the part of the Earth system that includes water, ice and water vapor. Water 
participates in many important natural chemical reactions and is a good solvent. Changing any part 
of the Earth system, such as the amount or type of vegetation in a region or from natural land cover 
to an impervious one, can affect the rest of the system. Rain and snow capture aerosols from the 
air. Acidic water slowly dissolves rocks, placing dissolved solids in water. Dissolved or suspended 
impurities determine water's chemical composition. 

Current measurement programs in many areas 
of the world cover only a few water bodies a few 
times during the year. GLOBE Hydrosphere 
protocols will allow you to collect valuable data 
to help fill these gaps and improve our 
understanding of Earth's natural waters. 
 
Nitrates  
Nitrogen can be found in many chemical forms 
in water. Biological and physical processes 
transform the chemical forms as part of the 
nitrogen cycle. The GLOBE Nitrate Protocol 
targets nitrate (NO3

-). Nitrate (NO3
-) is usually 

the most important inorganic form of nitrogen 
because it is an essential nutrient for the growth 
and reproduction of many algae and other 
aquatic plants. Nitrite (NO2

-) is usually found 
only in waters with low dissolved oxygen levels, 
called suboxic waters. 
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Phosphates 
 

Phosphorus is a nutrient that acts  as a fertilizer for aquatic plants. When nutrient levels are high,  

excessive plant and algae growth  creates water -quality problems. Phosphorus occurs in natural 

waters in the form of phosphates  (PO4). Over half of the  phosphates in lakes, streams and  

rivers comes from detergents.  Phosphate levels higher than 0.03  ppm contribute to increased 

plant  growth. 

Nitrogen Cycle 
 

 
The nitrate form of nitrogen found in natural waters comes from the atmosphere in rain, snow, fog 
or dry deposition by wind, from groundwater inputs, and from surface and below surface run-off 
that flows off and through surrounding land cover and soils. Decay of plant or animal matter in 
soil or sediments creates nitrates. Human activities can greatly affect the amounts of nitrate in 
water bodies. Illustration of a farmer on a tractor, with nitrogen-fixing legume plants in the 
foreground. These plants have a symbiotic relationship with nitrogen fixing-bacteria in their roots 
that obtain nitrogen from the atmosphere and change it into a form that can be used by plants. 
Why Collect Water Nitrate Data? 
 
Scientists often call nitrogen a “limiting nutrient” because when nitrogen is found in low amounts, 
plants use up all the available nitrogen in the water and cannot grow or reproduce anymore. So, it 
“limits” the amount of plants in the water. Many plants that use nitrogen are microscopic algae, or 
phytoplankton. Additional amounts of nitrogen added to the water may allow the plants to grow 
and reproduce more. 
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Nitrates play a role in Cultural  Eutrophication of Water Bodies  
 
When an excess amount of a limiting nutrient such as nitrogen is added to a lake, stream, or estuary 
the water becomes highly productive. This may cause tremendous growth of algae and other plants. 
This process of enriching the water is called eutrophication. The resulting excess plant growth can 
cause taste and odor problems in lakes used for drinking water or can cause nuisance problems for 
users of the water body. 

Although plants and algae add valuable oxygen to the water, overgrowth can potentially lead to 
reduced light levels in the water body. As plants and algae die and decay, bacteria multiply and 
use the dissolved oxygen in the water. The amount of available dissolved oxygen in the water may 
become very low and harm fish and other aquatic animals. 
 
Case Study: Chesapeake Bay, USA-1 How your measurements help: 
 
The Chesapeake Bay is the largest estuary in the United States, located on the Mid-Atlantic 
Seaboard (Delaware, Maryland, Virginia). In summer 2004, a dead zone spanned more than a third 
of the Chesapeake Bay floor. Around the world, similar dead zones are occurring with increasing 
frequency in estuaries and near the mouths of major rivers.  

Here, local pork and chicken production creates manure, which runs off into tributaries feeding 
the Chesapeake Bay. Nitrogen in the water  makes algae and other single-celled plants 
(phytoplankton) grow excessively. As the excess algae die, bacteria that decompose the plant 
matter may use up virtually all the dissolved oxygen in the water, creating bottom-hugging, low-
oxygen “dead zones.” This map shows measurements of dissolved oxygen for July 15–30, 2004. 
The graph on the right shows dissolved oxygen levels between the surface and a depth of 40 meters 
through the center of the Bay. Orange and red colors correspond to the dead zone.   

When you monitor the nitrate concentration at your study site, you are providing exactly the kind 
of information that is needed to understand how dead zones are created in our aquatic systems. 
 
Case Study: Chesapeake Bay, USA -2 

 
Researchers use satellite measurements of ocean color to estimate the amount of microscopic plant 
life that lives in the Chesapeake Bay and other bodies of water. Ocean color depends on what is 
living in the water.  

When large numbers of plants are growing in the water, the chlorophyll and other plant pigments 
affect the water’s color, making it greener, sometimes even with shades of red. The kinds and 
amounts of plant life are indicators of the health of marine ecosystems. 

 
Before you Begin: Select your Site! 
 
* You will use the same site for your samples. The drinking water kit is for your home water, all 
other water kits (those in baggies with separate directions) are for an outside source such as a 
stream/river, lake, pond, ditch, etc. 
 
** Suggest that you take all your water kits in baggies to your water site, follow the directions in 
the baggie, take notes on the direction sheet, and then fill in your handouts for each activity. 

All your hydrosphere measurements are taken at the same Hydrosphere Study Site. This may be 
any surface water site that can be safely visited and monitored regularly, although natural waters 
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are preferred.  Sites may include (in order of preference): 

1. Stream or river 

2. Lake, reservoir, bay or ocean 

3. Pond 

4. An irrigation ditch or other water  

body, if natural body is not available 

 
Site Selection: Hydrosphere Study Site 
Select a specific site where the hydrosphere measurements (water temperature, dissolved oxygen, 
nitrate, pH, alkalinity, turbidity, and either conductivity or salinity) will be taken. If the selected 
study site is a moving body of water (i.e. stream or river), locate your sampling site at a riffle area 
as opposed to still water or rapids. This will provide a more representative measurement of the 
water in the stream or river. 

If the selected study site is a still body of water {i.e. a lake or reservoir), find a sampling site near 
the outlet area or along the middle of the water body. Avoid inlet areas. A bridge or a pier are good 
choices. If your water body is brackish or salty, you will need to know the times of high and low 
tide at a location as close as possible to your study site. 
 
Overview of the Water Nitrate Protocol 
The GLOBE Nitrate Protocol uses a chemical-based test kit. Always look at the manufacturer’s 
instructions on how to perform the test. 

Although nitrate (NO3
-) is the chemical form of nitrogen of interest, it is difficult to measure 

directly. So, nitrate test kits have you perform a chemical reaction where the nitrate in the sample 
of water will be transformed into nitrite (NO2

-) which is a form more easily measured.  

You will add a chemical (such as cadmium) to the water sample, and this will change the nitrate 
(NO3

-) in the water to nitrite (NO2). A second chemical is then added to the water sample and 
reacts with the nitrite (NO2 

-) to cause a color change. The resulting color change of the water 
sample is proportional to the amount of nitrite in the sample. 

The chemical reaction that causes nitrate (NO3
-) to change to nitrite (NO2

-) is called an oxidation 
– reduction reaction. Often, the kits will say that they use a cadmium reduction method. This 
means that the cadmium has removed electrons from nitrate (NO3

-) to form nitrite (NO2
-). 

 
Careers related to Water Quality Testing  
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Water Nitrate Kit: 
Protocol at a Glance (Nitrates): Read all 
direction, gather materials, and then start 
testing. 
1. Fill the test tube to 5 mL (about 

halfway, the test tubes are 10ml). 

2. Add one Nitrate #1 TesTab. This is the 

tablet in the main baggie. 

3. Cap the tube and mix until the tablet 

has dissolved. 

4. Wrap the test tube in the aluminum foil 

and then add one Nitrate #2 CTA 

TesTab. 

5. Cap the tube and mix for two minutes 

to dissolve the tablet. 

6. Wait 5 minutes. Remove the aluminum 

foil. 

7. Compare the color of the sample to the Nitrate Color Chart (see handout in baggie), 

record the result on your data sheet as ppm on #1 Handout. 

 

● Note, #2 CTA tablets are sensitive to UV light. The aluminum foil will protect the 

reaction from UV light.  

● PPM stands for Parts Per Million 
 
 
Measuring Nitrates and Nitrites using a Commercial Test Kit 

These are the chemical reactions that you will be using in the Nitrate Protocol:  
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Water Phosphate Kit: 

 
 
Protocol at a Glance (Phosphates): Read all direction, gather materials, and then start 
testing. 
 

1. Fill the test tube to 5 mL (about halfway, the test tubes are 10ml). 

2. Add one Phosphorus TesTab 

3. Cap the tube and mix until the tablet has dissolved 

4. Wait 5 minutes.  

5. Compare the color of the sample to the Nitrate Color Chart (see handout in baggie), 

record the result on your data sheet as ppm #2 Handout. 
Optional: Additional Chemistry Information  
The cadmium reduction method will give you a quantity of nitrites (NO2

-)  that includes nitrates 
(NO3

-) that have been converted to nitrites plus any nitrites that were already in the water before 
you added any chemicals. We ask you to report the combined nitrate and nitrite forms. If the water 
at your site has very low dissolved oxygen levels, we encourage you to measure the nitrite (NO2

-) 
amount. To measure nitrite (NO2

-) , you do not add the first chemical (such as cadmium). Instead, 
you only add the second chemical that reacts with the nitrite (NO2

-) to cause a color change. The 
instructions in the nitrate kit should explain what to do. 

For GLOBE, concentrations of nitrate are expressed as the amount of elemental nitrogen in the 
form of nitrate. Concentrations are expressed as nitrate-nitrogen (NO3

- -N) in milligrams per liter 
(mg/L). Check with your kit to see what form of nitrogen the test kit results provide. If it gives test 
results in the form of mg/L nitrate, simply multiply your measured value by 4.4. This value is the 
ratio of nitrate/nitrogen molecular weights (62g/14g). 
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#1 Handout 

 
Site Location: Give us the name of the body water or the zip code.  
 
 
 
 
 
Test Type Color Measurement ppm 
Nitrates  

 
 

Phosphates  
 

 

 
 

1. Why do we measure nitrates in a water system? 
A. Nitrate is usually the most important inorganic form of nitrogen in aquatic 

environments and serves as a nutrient for aquatic plants and algae 
B. Nitrite is usually only found in waters with low dissolved oxygen levels 
C. Nitrate is a limiting nutrient 
D. All of the above 

 
2. Which of the following is a possible result of an imbalance of nitrates in a water system? 

A. Eutrophication (or Cultural Eutrophication, which means eutrophication by human 
activity)  

B. Dead zone 
C. Both of the above 
D. None of the above 

 
3. True or False:  The nitrate test kits create a chemical reaction where nitrate in your 

sample is transformed into nitrite, and a chemical is added to the water sample to react 
with the nitrite, whose concentration is then measured.  
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Activity #2: Dissolved Oxygen 

Overview: What is dissolved oxygen? 
his module:  
 

• Reviews the selection of a GLOBE hydrology site  

• Reviews the water sampling technique used in GLOBE hydrology protocols 

• Provides a step by step introduction of the protocol method 
 

Learning Objectives 
 
After completing this module, you will be able to: 
 

• Define dissolved oxygen and explain how changing environmental conditions result in 
different measurements 

• Conduct dissolved oxygen measurements using a test kit  
 

Estimated time to complete module: 1.5 hours 
 
What is Dissolved Oxygen (DO)? 
 
Dissolved oxygen (DO) is one of 10 measurements used by GLOBE to describe the characteristics 
of a water body. It measures the amount of  molecular oxygen (O2) in the water. It does not measure 
the amount of oxygen in the water molecule (H2O). 

We call the amount of dissolved oxygen the water will hold (under specific conditions) the 
solubility of dissolved oxygen. Factors affecting the solubility of dissolved oxygen include water 
temperature, atmospheric pressure, and salinity. Colder water can dissolve more oxygen than 
warmer water. Water at higher elevations holds less dissolved oxygen since the atmospheric 
pressure is less.  
What to know about DO! 
 
Dissolved oxygen (O2) in water is measured in parts per million (ppm). The amount of O2  in water 
is much less than in air. Roughly, two out of ten air molecules are molecular oxygen. In water, 
however, there are only five or six oxygen molecules for every million water molecules. 

Dissolved oxygen can be added to water by plants during photosynthesis, through diffusion from 
the atmosphere, or by aeration. Aeration occurs when water is mixed with air. Such mixing occurs 
in waves, riffles, and waterfalls. 

Dissolved oxygen can be consumed during respiration of biota (e.g., animals and bacteria). Many 
fish species require at least 5 ppm to survive and reproduce.  

Hypoxia is a condition when there is less than 2 ppm of DO in the water. Anoxia is when there is 
little to no DO in the water. 

 
Why Collect Water DO Data? 
Just like animals that live on land, animals that live in water need molecular oxygen to breathe. 

Most organic matter in aquatic ecosystems is non-living and it is collectively referred to as detritus. 
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The organic matter can be produced in situ or enter water bodies from the surrounding land (from 
both natural and human sources). The cycling of organic carbon between living and nonliving 
components is known as the carbon cycle. Organic matter is produced during photosynthesis and 
is consumed during respiration. During respiration, biota (fish, bacteria, etc.) consume dissolved 
oxygen. 

Although plants and algae add valuable oxygen to the water, overgrowth can potentially lead to 
reduced light levels in the water body. As plants and algae die and decay, bacteria multiply and 
use the dissolved oxygen in the water. The amount of available dissolved oxygen in the water may 
become very low and harm fish and other aquatic animals. 
 
Case Study: Chesapeake Bay, USA-1 
 
In summer 2004, a dead zone spanned more than a third of the Chesapeake Bay floor. Around the 
world, similar dead zones are occurring with increasing frequency in estuaries and near the mouths 
of major rivers. Local pork and chicken production creates manure, which runs off into tributaries 
feeding the Chesapeake Bay. Nitrogen in the water makes algae and other single-celled plants 
(phytoplankton) grow excessively. As the excess algae die, bacteria that decompose the plant 
matter may use up virtually all the dissolved oxygen in the water, creating bottom-hugging, low-
oxygen “dead zones.” This map shows measurements of dissolved oxygen for July 15–30, 2004. 
The graph on the right shows dissolved oxygen levels between the surface and a depth of 40 meters 
through the center of the Bay. Orange and red colors correspond to the dead zone.   

When you monitor the nitrate concentration at your study site, you are providing exactly the kind 
of information that is needed to understand how dead zones are created in our aquatic systems. 

 
Case Study: Chesapeake Bay, USA-2 
Researchers use satellite measurements of ocean color to estimate the amount of microscopic plant 
life that lives in the Chesapeake Bay and other bodies of water. Ocean color depends on what is in 
the water. When large numbers of plants are growing in the water, the chlorophyll and other plant 
pigments affect the water’s color, making it greener, sometimes even with shades of red. The kinds 
and amounts of plant life are indicators of the health of marine ecosystems. 

 
Careers related to  

Water Quality Testing  
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Dissolved Oxygen Kit: 
Dissolved Oxygen Protocol Part 1. 

1. Fill one of the blue small test tube to overflowing 
with sample water. 

2. Add two dissolved oxygen TesTabs to the same 
blue test tube. 

3. Cap the tube, be sure no air bubbles are in the 
sample. 

4. Mix by inverting until the tables have dissolved 
(about 4 minutes). 

5. Wait 5 minutes. 

6. Compare the color of the sample to the Dissolved 

Oxygen color chart (see handout in baggie), record the result on your data sheet as ppm on 

page #2 Handout. 

 

 

 

 

 

 

 

 

 
 

Dissolved Oxygen Protocol Part 2. 

1. Fill one of the blue small test tube to overflowing with sample water 

2. Cap and wrap the test tube with aluminum foil and store in a dark place at room temperature 
for 5 days. 

3. Unwrap the test tube and add two dissolved oxygen TesTabs to the test tube. 

4. Cap the tube, be sure no air bubbles are in the sample. 

5. Mix by inverting until the tables have dissolved (about 4 minutes). 

6. Wait 5 minutes. 

7. Compare the color of the sample to the Dissolved Oxygen color chart (see handout in 
baggie), record the result on your data sheet as ppm on #2 Handout. 
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#2 Handout 

 
 
Test Type Color Measurement ppm 
Dissolved Oxygen  

 
 

BOD  
 

 

 
 

1. True or False: The dissolved oxygen measurement measures oxygen found in the water 
molecule. 

 
2. True or False: All other things being equal, colder water can dissolve more oxygen than 

warmer water. 
 

3. Which of the following is a way that oxygen can be added to an aquatic system?  
A. By plants during photosynthesis. 
B. Through diffusion from the atmosphere. 
C. By aeration, which is the mixing of water by air, through things like waves and 

waterfalls. 
D. A and B only 
E. A, B, and C 

 
4. When is water considered to be hypoxic? Hypoxia is a condition where there is:   

A. Less than 2 ppm of dissolved oxygen in the water 
B. When there is no dissolved oxygen in the water 
C. When there is too much dissolved oxygen in the water  
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Activity #3: Water pH 

Overview: Water pH Protocol  
 
The Hydrosphere 
GLOBE has a number of protocols that are part of the Hydrosphere Investigation.  To measure the 
acidity of a water body, you will use one of the water pH protocols. You have the choice of using 
either a pH meter or pH paper in your investigations.  
 
What is Water pH? 
PH is a measure of the relative amount of free hydrogen ions there are in the water, which 
determines the acidity of the water body. The concentration of the hydrogen ion [H+] activity in a 
solution determines the pH. Mathematically this is expressed as:  

          pH = - log [H+]  

pH is reported in logarithmic units from 0-14, with 7 being neutral. Each number represents a 10x 
change in the acidity or alkalinity of the water.  

The pH values for your water site will depend on the geology, soil and vegetation of your area as 
well as other inputs into your water body. The origin of the air masses that precipitate into your 
water body may affect the pH of the water. Most lakes and streams have pH values that range 
between 6.5 and 8.5. Oceans have a pH value of 8.2. Pure water not in contact with the air has a 
neutral pH value of 7.0.  

Naturally occurring basic waters are found typically in areas where the surrounding geology is rich 
in minerals such as calcite or limestone.  

 
pH and Aquatic Life 
pH affects most chemical and biological processes that take place in water. pH affects the  
solubility (amount that can be dissolved in water) and biological availability of nutrients. It also 
determines the degree to which potentially toxic materials, such as heavy metals, are soluble. 

pH has a strong influence on what can live in the water; aquatic organisms have certain pH ranges 
they prefer or require. Salamanders, frogs and other amphibian life, as well as many 
macroinvertebrates, are particularly sensitive to extreme pH levels. Most insects, amphibians and 
fish are absent in water bodies with pH below 4.0 or above 10.0. 

Since most organisms are sensitive to changes in water pH, scientists monitor unusual decreases 
or increases in the pH of water bodies.  

 
Acid pH and Aquatic Ecosystems 
Without pollution, rain would have a pH of about 5.6. However, in most parts of the world, rain 
pH is more acidic than this. Sulfur dioxide (SO2) and nitrogen oxides (Nox) and other compounds 
mix with water vapor and return to the Earth surface as acid rain.  Acid rain can have a pH of 4.3-
4.7 – nearly 10x the acidity of natural deposition.  

Acid deposition has many harmful effects on aquatic ecosystems:  

• As the pH approaches 5, invasion of non-desirable species of plankton and mosses can occur 
and  some fish, such as smallmouth bass,  begin to disappear. 
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• Below a pH of 5, fish populations dwindle and disappear, the bottom is covered with non-
decayed material, and mosses may colonize in wetlands. 

• Below a pH of 4.5, the water is essentially devoid of fish. 

 
Alkaline pH and Aquatic Ecosystems 
Highly alkaline (basic) waters are also hazardous for aquatic life. For example, ammonia is ten 
times more toxic at a pH of 8 than it is at pH 7.  

When the pH of freshwater becomes highly alkaline (e.g. 9.6), the effects on fish may include: 

•  death 

•  damage to outer surfaces like gills, eyes, and skin inability to dispose of metabolic wastes 
Source : http://www.lenntech.com/aquatic/acids-alkalis.htm#ixzz4CnIUVwOU 
 

Monitoring Water Bodies is Critical to Ecosystem Health 

There are waters that are naturally more acidic when there are certain types of minerals in the 
water, such as sulfides.  Mining can also release acid forming compounds to water bodies.  
 
Pollution can change a water's pH, which in turn can harm animals and plants living in the water. 
For instance, the 2015  spill of mine waste into the Animas River, caused the Animas to have a pH 
of 5- acidic. By using the logarithm scale, this mine-drainage water would be 100 times more 
acidic than neutral water.  

pH does not normally change a great deal, although you may find some seasonal trends due to 
changes in temperature, rainfall patterns, or land cover. However, a dramatic  change in pH in a 
water body can be an indicator of increasing pollution or other environmental factor, as seen here.  
Overview of Water pH Protocol 

• pH of a water body can be measured using either a pH meter or pH paper. The accuracy of 
either method depends on the electrical conductivity of the water. The electrical conductivity 
needs to be at least 200 µS/cm for these methods to report accurately. 

• If you are sampling ocean or brackish water, you can assume that the electrical conductivity of 
your sample is greater than 200 µS/cm. If you are not sure if the fresh water at your 
Hydrosphere Study Site has a conductivity value high enough for the measurement technique 
(paper or meter), you will need to measure the electrical conductivity before taking your pH 
measurements. After you know the electrical conductivity value of the water, use the 
appropriate pH field guide.  

 

 
 

http://www.lenntech.com/aquatic/acids-alkalis.htm#ixzz4CnIUVwOU
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Water pH Kit: 
 
Protocol at a Glance pH): Read all direction, gather 
materials, and then start testing. 
 

1. Fill the test tube to 5 mL (about halfway, the 

test tubes are 10ml). 

2. Add one pH TesTab 

3. Cap the tube and mix until the tablet has 

dissolved 

4. Compare the color of the sample to the Color 

Chart (see handout in baggie), record the result 

on your data sheet as ppm on #3 Handout. 
 
FAQ: Frequently Asked Questions 

A change in water temperature can actually change the 
pH value of your water. Since we want to know the actual pH value, we do not correct for this 
change.  

Temperature can also affect the performance of the meter. The electrode is designed so there is no 
temperature sensitivity when the pH is 7.0. As the pH moves away from this value, the water 
temperature affects meter accuracy. Meters with automatic temperature compensation (ATC) 
correct for the temperature of the water at values above and below 7.0 by a factor of 0.003 
pH/ ̊C/pH unit away from pH 7. They correct for meter error. 

Does high salt concentration affect pH? 

Salt concentration can affect pH. As salt concentration increases, pH can increase. This is not a 
linear relationship, but can be important in estuaries, where the salinity varies with the tide. Taking 
into account salinity or conductivity data may be useful in understanding variations in your pH 
measurements. 
 
FAQ: Frequently Asked Questions-2 
 
Why may pH measurements be inaccurate in low conductivity waters? 

To measure the hydrogen ion concentration, you are actually measuring the potential of the 
hydrogen ions. Other ions have to be present to pass the current to make this measurement. When 
they are at too low of a concentration the meter slowly drifts and if the drift is really slow, the 
meter locks in on an incorrect measurement. 

Can I use a pH meter that connects to my Smart Phone? 

Yes, pH meters that connect to iPhones, iPads and other Smart devices can be considered pH 
meters. For most of these meters an app is required.  
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Turbidity (Water Transparency) 

 
Hydrosphere Protocols 
What is the condition of Earth’s many surface waters – the streams, rivers, lakes, and coastal 
waters? How do these conditions vary over the year? Are these conditions changing from year to 
year? These are questions that are answered by the hydrosphere investigations in the GLOBE 
program. 

Water Transparency is one of the measurements used by GLOBE to describe the status of a 
water body. Water Transparency measures depth of light penetration into the water.  

Water transparency depends on the amount of suspended particles. These can be organic, such as 
phytoplankton and algae, or inorganic, such as sediments, as well as other dissolved impurities 
such as organic or inorganic carbonates. These particles contribute to both the color and the 
transparency of the water.  

 
Water Transparency Describes Water Clarity 
Water transparency is measured by determining the depth of light penetration into the water 
column from the surface. Algal blooms such as this, significantly reduce water transparency and 
contaminate  onshore drinking water. The Operational Land Imager (OLI) on the Landsat 8 
satellite captured this view of an algae bloom, on Lake Erie, in August 2014. More 
 
What is Water Transparency? 
Particles in the water will reflect, absorb or scatter light, thus determining the depth at which light 
can no longer penetrate. This is called the extinction depth. The Water Transparency Protocol 
measures the light extinction depth of the water in your selected Hydrosphere Study Site. 

 
 
Particles in water absorb and scatter light 
Suspended particles in water behave similarly to dust in the atmosphere. They reduce the depth to 
which light can penetrate. Sunlight provides the energy for photosynthesis (the process by which 
plants grow by taking up carbon, nitrogen, phosphorus and other nutrients, and releasing oxygen). 
How deeply light penetrates into a water body determines the depth to which aquatic plants can 
grow. 

Transparency decreases with the presence of molecules and particles that can absorb or scatter 
light. Dark or black material absorb most wavelengths of light, whereas white or light materials 
reflect most wavelengths of light. The size of a particle is important as well. Small particles 
(diameters less than 1 μm) can scatter light. 

 
Why Collect Water Transparency Data?  
In most countries, current measurement programs cover only a few water bodies a few times during 
the year. As a consequence, the archives of GLOBE hydrosphere data provide important 
information about water chemistry and water quality not found elsewhere. 

 

By taking measurements over time in multiple locations, it is often possible to determine the times 
of year and the source of pollution, for instance, and if necessary, remediate the situation to 
improve water quality. 

http://earthobservatory.nasa.gov/IOTD/view.php?id=84125
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Summary: Water transparency changes in response to environmental factors 
Water transparency changes over time in response to environmental factors. 

Suspended particles such as phytoplankton, zooplankton, sediment, organic matter... are optically 
active components and their density and distribution varies over time. Erosion and run off during 
a storm is one source of sediment particles. The influx of nutrients such as phosphorus into a 
water body can cause an algal bloom, greatly increasing the density of these organisms.    

• The more suspended particles, the less transparency 

An increase in suspended particles in a water body will decrease transparency, and light will be 
unable to penetrate into deeper water. 

• Light energy is needed by plants to conduct photosynthesis 

Less light penetration into the water will affect the health of organisms living in the water body. 

• Water transparency affects water quality 

Suspended particulates impact water quality, both for human consumption and for use by aquatic 
organisms. 
 
Scientists measure water transparency to determine water body health.  
 
Measurement of water transparency allows scientists to calculate inputs from erosion and nutrients.  
By taking measurements over time in multiple locations, it is often possible to determine the source 
of the inputs, and if necessary, remediate the situation to improve water quality. 
 
How Your Measurements Can Help-1  
 
Water transparency and color can be observed in satellite imagery. In May 2015, the east coast of 
Australia was hit by a severe storm and deadly flooding, dropping more than 360 millimeters (14 
inches) of rain within about three hours in southeast Queensland, Australia. This image of the 
Brisbane River entering Moreton Bay was acquired on May 3, 2015 by the Operational Land 
Imager on Landsat 8. 
 
How Your Measurements Can Help-2  
As a result of the rainfall, flash flooding caused distinct river plumes to form along the coastline. 
Flood waters usually contain elevated levels of sediment and colored dissolved organic matter 
(CDOM). Sediment tends to scatter red light, and CDOM absorbs blue light. As a result, a brown 
color is visible at the Brisbane River mouth where these two optical phenomena work in concert. 
Further from the mouth, the coarser sediments tend to settle to the bottom but the CDOM is still 
observed in the water column absorbing blue light. What is coloring the yellow-green patches in 
the water? Scientists believe it is CDOM, but ground verification is needed to be sure.  More 
 

 
 
 
 

http://earthobservatory.nasa.gov/IOTD/view.php?id=85828


23 

 

Water Turbidity Kit:  
 
Protocol at a Glance (Turbidity): Read all direction, gather 
materials, and then start testing. 

1. Fill the cup up to the top 

2. Place the base of the tube on the central diagram on the Secchi 

chart 

3. Look down through the tube at the Secchi chart icon 

4. Compare the appearance of the secchi disk icon under the tube 

to the gray secchi disks on either side of the tube to determine 

the Turbidity in JTU (the chart is on the direction sheet in your 

baggie) 

5. Record the data on your data sheet as JTU on #3 Handout. 

#3 Handout 

 
Test Type Color Measurement ppm 
pH  

 
 

 
 
Test Type Measurement JTU 
Turbidity  

 
 
When determining pH, you are measuring:  

A. The relative amount of free hydrogen ions there are in the water 

B. The total dissolved solids in the water 

C. The ability of water to transmit an electrical current 

 
Logarithmic scale- Between pH 5 and 6, there is a ___  change in acidity. 

A. 2 x 
B. 10 x 
C. 100 x 
D. 1000 x 

 

Which of the following  pH values has greater acidity?  

A. pH 4 
B. pH 7 
C. pH 9 

 
 

 



24 

 

Activity #4 Water Quality Testing at Home 

 

Now that you have learned about multiple 
metrics for water quality testing, we are 
going to use the drinking water test that was 
sent to you to look at the water quality at 
your house. The slides that follow will have 
the protocol included that goes along with 
the kits. Make sure to record your data in 
your data sheet on #4 Handout: 

 
 
 
 
 
 
 
Follow the steps outline to measure for pH, Total Alkalinity, Total Chlorine and Total 
Hardness 
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Follow the steps outline to measure for Total Chlorine 

 

 
 
 
 

Follow the steps outline to measure for Nitrate and Nitrite 
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Follow the steps outline to measure for Lead 
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Follow the steps to measure for Copper 

 
Health Effects Table: Water Quality Tests 
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#4 Handout 

 

Table 1: Water Quality Testing At Home 

Sample 

Name  Measurement (ppm) 

Alkalinity 

 

  

Hardness 

 

  

Chlorine 

 

  

Nitrate 

 

  

Nitrite 

 

  

Copper 

 

  

  

Table 2: Water Quality Testing at Home: pH 

Measurement (pH) 

 

  

  

Table 6: Water Quality Testing at Home: Lead 

Results (Positive, Negative) 
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#5 Handout 

 

Upload all your data to REDCap. We will use this data during our club meetings to graph and 

practice data analysis. Click on the link to enter data and to be put into a drawing for college 

gear.  

Link: https://redcap.wvctsi.org/redcap/surveys/?s=4N89YCE39C 

 

 

 

 

 

 

 

 

 

https://redcap.wvctsi.org/redcap/surveys/?s=4N89YCE39C
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West Virginia University Potomac State College 

 

Welcome! This week you will explore and learn more about math, chemistry and genetics! 

During your first activity, you will how to calculate the total cost of your dream car after taking 

out a loan to finance it. The activity will help you see how interest rates and the length of a loan 

alter your monthly payments and the total cost of your dream car. 

We switch from math to chemistry for the next day with an activity that allows you to recycle an 

old newspaper and learn a little chemistry along the way. For the third and fourth days, you will 

learn about pedigrees and DNA.  A pedigree is essentially a genetic family tree in which you 

trace a genetic trait across generations. For your last activity, you will extract your own DNA 

from cheek cells and identify which superpower your virtual parents have passed on to you. 

We hope you enjoy these activities as much as we’ve enjoyed designing them and that you get a 

taste of how math, chemistry and genetics can be fun! 

 

MEET OUR TEAM 

 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

Learn about us at: https://www.potomacstatecollege.edu/  

https://www.potomacstatecollege.edu/
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Activity #6 Dream Car Project 

 
A. Introduction 

How many of you own your own car? First car or second car? Is this the car of your dreams? 

Whether or not you own your own car, think for a minute, “What is your dream car?” 

Imagine driving your dream car. But how can you afford the car of your dreams? How do 

you go about getting this car? Job? Win the lottery? Mom and Dad give you the money? 

Take out a loan? Well, how much will that cost you??? Do you have good credit? How do 

you get credit? And once you get this car, how do you support it? These are all questions that 

we will be examining in this lesson. 

B. Objective 

People borrow money or use credit to purchase something in the present that will be paid for 

with future income. Borrowing increases the ability to purchase the things people want now, 

like a new car! A person who is considered “credit worthy” is one who is trusted to borrow 

only what he or she can repay. Before a person can make a big decision like buying and 

financing a new car, they must first analyze their monthly income and expenses to figure out 

how much they can actually afford per month or explore the option of buying the vehicle 

“outright” without financing (using savings). The concept that “there is no such thing as a 

free lunch” means that there is a cost to every decision, whether monetary or intrinsic. Good 

decisions require a clear understanding of alternatives. Students must learn to make choices 

among alternatives in order to use their income or resources wisely.  

In this lesson you will learn how to calculate monthly car payments using different rates 

of interest and what the final cost is after financing.   

C. Calculations  

1. Finding the total vehicle cost including tax and license fees, trade-in value, and down 

payment. 

Vehicle Make/Model:   2020 Chevy Corvette  

a. Price of vehicle = $ 52,500  

b. Tax is 8% of price: 

o 8% needs converted to a decimal (8/100 = 0.08) 

o $52,500 x 0.08 = $4,200  

c. License is 2% of price 

o 2% needs converted to a decimal (2/100 = 0.02) 

o $52,500 x 0.02 = $1,050  

d. Vehicle Total Cost:  = Price of vehicle + tax + license 

e. Total Cost = $ 52,500 + $4,200 + $1,050 = $57,750  

f. Amount to be Financed/Borrowed = $ 57,750 

• This is the total amount to be financed (total cost of vehicle). Now you need to find 

the monthly payments by using different rates of interest and length of car loan. 
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2. Determine the monthly payments of a loan. 

Use the formula 𝐴 = 𝑃 [
𝑟(1+𝑟)𝑛

(1+𝑟)𝑛−1
] where:  

P= principle (amount to be borrowed) 

r= interest rate per month (divide the rate by 12) 

n= number of months in length of loan 

 

If you take out a loan for $15,000, what is the monthly payment if you take out a a 4-

year loan (48 months) at 7.5% interest? 

P = 15,000 

r = 0.075/12=.00625 

n = 48 

𝐴 = 15,000 [
.00625(1+.00625)48

(1+.00625)48−1
] = $362.70 a month for 4 years 

3. Determine the total finance charge 

a. Take the monthly payment and multiply it by the total number of months 

b. $362.70 x 48 months = $17, 409.60 

 

How to Convert a Percent to a Decimal 

Divide a percent by 100 and remove the percent sign to convert from a percent to a decimal. 

 

Example: 10% becomes 10/100 = 0.10 

Example: 67.5% becomes 67.5/100 = 0.675 

 

The shortcut way to convert from a percentage to a decimal is by removing the percent sign and 

moving the decimal point 2 places to the left. 

 

Express 50% as a decimal: 

 

"Percent" means "per 100" or "over 100". So, to convert 50% to a decimal we rewrite 50 percent 

in terms of "per 100" or over 100. 

 

50% = 50 over 100 or, 50%=  50 

                                                100 

50/100 is the same as 50 divided by 100. 

 

Completing the division we get: 50 ÷ 100 = 0.5 

 

Therefore, we have shown that 50% = 0.5 

 

Website: https://www.calculatorsoup.com/calculators/math/percent-to-decimal-calculator.php 
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Order of operations  

A common technique for remembering the order of operations is the abbreviation (or, more 

properly, the "acronym") "PEMDAS", which is turned into the mnemonic phrase "Please Excuse 

My Dear Aunt Sally". This phrase stands for, and helps one remember the order of, "Parentheses, 

Exponents, Multiplication and Division, and Addition and Subtraction". This listing tells you the 

ranks of the operations: Parentheses outrank exponents, which outrank multiplication and 

division (but multiplication and division are at the same rank), and multiplication and division 

outrank addition and subtraction (which are together on the bottom rank). In other words, the 

precedence is: 

1. Parentheses (simplify inside 'em) 

2. Exponents 

3. Multiplication and Division (from left to right) 

4. Addition and Subtraction (from left to right) 

 

When you have a bunch of operations of the same rank, you just operate from left to right. For 

instance, 15 ÷ 3 × 4 is not 15 ÷ (3 × 4) = 15 ÷ 12, but is rather (15 ÷ 3) × 4 = 5 × 4, because, 

going from left to right, you get to the division sign first. 

 

Website: https://www.purplemath.com/modules/orderops.htm 

 

Using Exponents 

 

Learn the correct words and vocabulary for exponent problems. When you have an exponent, 

like 23, you have two simple parts. The bottom number, here a 2, is the base. The number it is 

raised to, here a 3, is known as the exponent or power. If you are talking about 23, you would say 

it is "two to the third," "two to the third power," or "two raised to the third power." 

• If a number is raised to the second power, like 52, you can also say that the number 

is squared, such as "five squared." 

• If a number is raised to the third power, like 103, you can also say it is cubed, such as 

"ten cubed." 

• If a number has no exponent shown, like a simple 4, it is technically to the first power 

and can be rewritten as 41. 

• If the exponent is 0, and a "non-zero number" is raised to the "zero power", then the 

whole thing equals 1, such as 40 or even something like (3/8)0 = 1. There is more about 

this in the "Tips" section. 
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Multiply the base repeatedly for the number of factors represented by the exponent. If you 

need to solve an exponent by hand, start by rewriting it as a multiplication problem. You want to 

multiply the base by itself for the number of the exponent. So, if you have 34 you would multiply 

three in a series of four separate factors, or 3 * 3 * 3 * 3. More examples include: 

• 45 = 4 * 4 * 4 * 4 * 4 

• 82 = 8 * 8 

Solve an expression: Multiply the first two numbers to get the product. For example, with , 

you'd start with 45 This looks daunting, but just take it one step at a time. Start by multiplying the 

first two fours. Then replace the two fours with the answer as shown here: 

 

• 45 = 4 * 4 * 4 * 4 * 4 

       16 * 4 * 4 * 4 

           64* 4 * 4 

            256 * 4 

               1024 

You can also use the calculator features. Make sure you are following orders of operations.  

 

Website: https://www.wikihow.com/Solve-Exponents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.wikihow.com/Solve-Exponents
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Example 

= 15,000 [
. 00625(1 + .00625)48

(1 + .00625)48 − 1
] = $362.70 

Do everything in the parentheses. Focus on the part in yellow. 

= 15,000 [
. 00625(1 + .00625)48

(1 + .00625)48 − 1
] = $362.70 

 

Complete the math in the parentheses 

(1+.00625) = 1.00625 

(1+.00625) = 1.00625 

  

= 15,000 [
. 00625(1.00625)48

(1.00625)48 − 1
] = $362.70 

 

Complete the Exponents 

(1.00625)48 = 1.34860 

(1.00625)48 = 1.34860 

 

= 15,000 [
. 00625 ∗ 1.34860

1.34860 − 1
] = $362.70 

 

Complete the math for the top and bottom of the division problem 

.00625 * 1.34860 =  .00843 

1.34860 - 1 = .34860  

= 15,000 [
. 00843

. 34860
] = $362.70 

 

Finish the math in the Parentheses 

.00843/.34860 = .02418 

= 15,000[. 02418] = $362.70 

 

Finish the problem 

15,000 * .02418 = $362.70  
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D.  Activity – Complete the following questions to fill out the handout for Activity #6 

 

1. What is your dream car? 

Vehicle Make/Model: _____________________________   

 

2. What is the price of your dream car? 

 

Price of vehicle= $_____________________ 

 

3. In WV, taxes are 6% and license fees are 2%. Calculate the taxes and license fee to 

determine the total cost of your dream car. (Show your work) 

Tax is 8% of price:  

o 8% needs converted to a decimal (8/100 = 0.08) 

 

o $_____________________ x 0.08 =   

Price of vehicle 

 

 

 

 

 

License is 2% of price 

o 2% needs converted to a decimal (2/100 = 0.02) 

 

o $_____________________ x 0.02 =   

  Price of vehicle 

 

 

 

 

 

 

Vehicle Total Cost:  = Price of vehicle + tax + license 

This number is also called principle (amount to be borrowed) 

$ ____________________________ 
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4. Assume you will need to borrow the entire cost of the car determine in #3. (This is the 

principle.) Complete #6 Handout as you calculate different monthly payments for each 

rate and loan length and the total finance charge. Show your work in the space provided. 

Use the formula 𝐴 = 𝑃 [
𝑟(1+𝑟)𝑛

(1+𝑟)𝑛−1
] where:  

P= principle (amount to be borrowed) = Price of vehicle 

r= interest rate per month (divide the rate by 12) 

n= number of months in length of loan 

 

Formula: 𝑇𝑜𝑡𝑎𝑙 𝐹𝑖𝑛𝑎𝑛𝑐𝑒 𝐶ℎ𝑎𝑟𝑔𝑒 = 𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝑃𝑎𝑦𝑚𝑒𝑛𝑡 ∗ 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑀𝑜𝑛𝑡ℎ𝑠  

 

 

Fill out #6 Handout. Below is the first problem to solve, use scrap paper to solve the other 

problems. 

 

A. Interest 0% and 36 Months 

P = ________________ Vehicle Total Cost 

 

r = ________________ Interest 

 

n = ________________ Months 
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#6 Handout  

APR Length of Loan Amount of 

Monthly Charge  

Total Finance 

Charge 

0% 

 

 

 

 

36 months   

48 months   

60 months   

2% 36 months   

48 months   

60 months   

4% 36 months   

48 months   

60 months   

6% 36 months   

48 months   

60 months   
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Activity #7 Recycling Project: Making recycled paper 

 

Background: 

Did you ever wonder where paper comes from?  

Every year, people in the United States use more than 750 pounds of paper each! To produce that 

much paper, a 100-foot tall tree would have to be cut down for each person. Luckily, about 75% 

of the paper used in the United States today is recycled.  

Paper can be made using a variety of plants as the source of fiber — including rice, yucca, 

bananas, mulberry, bamboo, hemp, and many other plants. Today, we make lots of paper from 

pine trees … but nearly any tree or plant containing fibers can be used.  No matter which plant is 

used, the process for making paper is very similar. To make paper, wood from trees is ground 

into very small fibers called wood pulp. The wood pulp is then washed with water and pressed 

into paper sheets.  

 
Plants use the energy of the sun to make all sorts of chemicals like sugars and complex 
carbohydrates. One of these complex carbohydrates is called cellulose. Cellulose is tough 
and indigestible. It is the main ingredient in wood pulp. Plants use cellulose to make their 
limbs and trunks strong and stiff. Without it, they would not be able to stand. Cellulose can 
be made into many different products like paper, cardboard, rayon fabric, and insulation.  
 
Recycling is a process in which new items are made from used products. Materials are 
collected, separated, and then treated based on their physical or chemical properties. By 
recycling paper, we cut down on the amount of waste in our landfills, save trees, and 
conserve energy. It is interesting to note that about 66% of all paper used is recycled 
compared to only 10% of plastics that is recycled. 
 

Please watch this YouTube video presentation by Prof. Richard Venditti from NC State 

University on sustainable paper making and recycling: 

https://www.youtube.com/watch?v=uKptKmvxI_k 

 
To recycle your own paper, follow the simple steps below. 

 

 

Materials required: (Items * are in HSTA Kit) 

• Newspaper 

• Blunt-end scissors 

• Ruler 

• Bowl 

• Measuring cups 

• Water 

• Blender or food processor (optional) 

• Disposable plastic fork * 

• 2 pieces of nylon screen * 

• Needlework frame * 

• Rolling pin 

• Hairdryer (optional) 

• Gloves * 

 
SAFETY: Use gloves. Do not eat or drink any of the materials used in this activity. An adult 
should assist with all the steps involving the blender or food processor. 

https://www.youtube.com/watch?v=uKptKmvxI_k
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Recycle Paper 

Procedure:  

1. Cut a piece of newspaper that is 30 centimeters (12 inches) wide and 40 centimeters (15 

inches) long. 

2. Rip the paper into small pieces that are about 1-centimeter (⅟2 inch) square and place the 
pieces into a bowl. 

3. Add ⅟2 cup water to the bowl and set it aside for two days. 

(Alternatively, you can add the water and paper to a blender or food processor. An adult 
should complete all steps involving the blender or food processor! After the lid has been 
fastened securely onto the appliance, the water mixture should be blended on medium speed 
for 5 minutes. Skip to step 5.) 

4. Using a plastic fork, mix the paper with the water until the paper disintegrates into pulp. 

5. Stretch one piece of the nylon screen into the needlework frame. 

6. Using the plastic fork, strain the pulp and drop it onto the nylon screen in the needle 
work frame. Then spread the pulp evenly across the surface of the screen. 

7. Carefully, remove the nylon screen from the frame and place it pulp side up onto a pile 
of newspaper. 

8. Place the second piece of nylon screen over the pulp, so that you make a sandwich with 
screen on top and bottom and the pulp in the middle. 

9. Use a rolling pin to squeeze all of the water out of the pulp by rolling it over the top of the 
nylon screens. Without removing the screens, move your newly formed paper to a dry spot, 
and allow it to dry overnight. 

(Alternatively, you can dry the paper using a hair dryer.) 

10. Remove the paper from the nylon screens. 

11. Pour the liquids down the drain, recycle any unused paper, and throw everything else in the 
trash. Thoroughly clean your work area and wash your hands. 

12. (Optional) Take a second batch of recycled paper adding in a few pieces of colored paper, 
yarn or string to the newspaper. You can also add small pieces of leaves or grass to change 
the texture of the paper. 

 

 

Gum and Hershey’s Kisses activity 

Materials required: (Items * are in HSTA Kit) 

• Chewing gum * 

• Hershey’s kisses * 

Procedure: 

1. Chew the gum for 2 mins 

2. Put one candy in your mouth and chew. Don’t swallow. 

3. Chew everything for 1 min 

4. Spit out anything remaining. 

5. Answer the questions and enjoy the rest of the candy. 
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#7 Handout 

Recycling Questions 

1. What is paper made of?  

 

 
2. What is recycling? Why is it important? 

 

 

3. What was the color of water used after pulp washing? What dissolved and what did not? 
Explain. 

 

 

 

4. What does your paper look like? Is your first batch of recycled paper white? Why not? 

 

 

 

5. What did you feel in your mouth after chewing the candy and gum together? What happened 
to the gum? Why did that happen? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



42 

 

Activity #8 Pedigrees 

Introduction: A pedigree is a visual chart that depicts a family history or the transmission of a 

specific trait. They can be interesting to view and can be important tools in determining patterns 

of inheritance of specific traits. Pedigrees are used primarily by genetic counselors when helping 

couples decide to have children when there is evidence of a genetically inherited disorder in one 

or both families. They are also used when trying to determine the predisposition of someone to 

carry a hereditary disease for example, familial breast cancer. 

 

Parts of a pedigree: 

• Squares are used to indicate males in a family.   

• Circles are used to indicate females.   

• If the individual is “affected" by the trait, we darken the shape.   or   

• A line between a male and female indicates a marriage or union.  

• A line drawn down from the marriage indicates an offspring. 

 

 

• Sometimes, you will see some shapes filled in only halfway: this 

notation indicates a carrier of trait. The individual doesn’t have the show signs of 

the trait/disease, but could pass it on to offspring 

• Generations are labeled with roman numerals and individuals are numbered according to 

age (oldest on the left) 

 
Analyzing Simple Pedigrees: 

A pedigree is just like a family tree except that it focuses on a specific genetic trait. A pedigree 

usually only shows the phenotype (physical characteristics) of each family member. With a little 

thought, and the hints below, you may be able to determine the genotype (genetic makeup) of 

each family member as well! There are three possible genotypes: homozygous dominant, 

heterozygous or homozygous recessive.  Homozygous means that the two copies of a gene 

received from each parent is the same, while heterozygous means that the two copies of a gene 

are different.  A dominant gene means that it is expressed and masks a recessive trait.  A 

recessive gene is only expressed and seen when both copies of the gene are recessive. (For more 

about this visit: https://www.youtube.com/watch?v=G-_fwABa2BU).  

 

Hints for analyzing pedigrees: 

If the individual is homozygous recessive, then both parents MUST have at least one recessive 

allele (parents are heterozygous or homozygous recessive). 

If an individual shows the dominant trait, then at least one of the parents MUST have the 

dominant phenotype. This one will be pretty obvious when you look at the pedigree. 

If both parents are homozygous recessive, then ALL offspring will be homozygous recessive. 

https://www.youtube.com/watch?v=G-_fwABa2BU
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NOTE: In a pedigree, the trait of interest can be dominant or recessive. The  majority 

of harmful genetic conditions are only seen when an individual is homozygous recessive 

- examples of conditions caused by recessive alleles include cystic fibrosis (a disease of 

the secretory glands, including those that make mucus and sweat), Falconi anemia (a 

blood disorder), albinism (a lack of pigmentation), and phenylketonuria (a metabolic 

disorder). Some genetic conditions are caused by dominant alleles (and may therefore be 

expressed in homozygous dominant or heterozygous individuals)- examples of conditions 

caused by dominant alleles include polydactyly (presence of extra fingers), achondroplasia 

(a type of dwarfism), neurofibromatosis (a nervous disorder), and a disease known as 

familial hypercholesterolemia in which affected individuals suffer from heart disease due 

to abnormally high cholesterol levels 

 
1. Please watch the following video explain pedigrees:  

https://www.youtube.com/watch?v=Gd09V2AkZv4 

Types of Inheritance 

▪ Dominant and recessive disease conditions may be identified only if certain patterns 

occur (otherwise it cannot be confirmed) 

▪ Autosomal inheritance occurs when the trait is determined by a gene other than a sex 

chromosome (X or Y), so it can appear in either males or females. 

 
 

▪ X-linked inheritance occurs when the trait is determined by a gene on the X chromosome. 

▪ It is not possible to confirm sex linkage from pedigree charts, as autosomal traits could 

potentially generate the same results; however certain trends can be used to confirm that a 

trait is not X-linked dominant or recessive 

 

A. Autosomal Dominant 

▪ If both parents are affected and an offspring is unaffected, the trait must be dominant 

(parents are both heterozygous) 

▪ All affected individuals must have at least one affected parent 

▪ If both parents are unaffected, all offspring must be unaffected (homozygous recessive) 

 

B. Autosomal Recessive 

https://www.youtube.com/watch?v=Gd09V2AkZv4
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▪ If both parents are unaffected and an offspring is affected, the trait must be recessive 

(parents are heterozygous carriers) 

▪ If both parents show a trait, all offspring must also exhibit the trait (homozygous 

recessive) 

 

C. X-linked Dominant 

▪ If a male shows a trait, so too must all daughters as well as his mother 

▪ An unaffected mother cannot have affected sons (or an affected father) 

▪ X-linked dominant traits tend to be more common in females (this is not sufficient 

evidence though) 

 

D. X-linked Recessive 

▪ If a female shows a trait, so too must all sons as well as her father 

▪ An unaffected mother can have affected sons if she is a carrier (heterozygous) 

▪ X-linked recessive traits tend to be more common in males (this is not sufficient evidence 

though) 
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#8 Handout 

For Questions 1-7, use the letters in the pedigree chart shown below. Some of the labels 
may be used more than once. 

 

 

________ 1. A male 

                   2. A female 

________ 3. A marriage 

_________4. A person who expresses the trait                                     

_________5. A person who does not express the trait 

_________6. A connection between parents and offspring 

________ 7. How many generations are shown on this chart? 
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Hemophilia Defined:  a medical condition in which the ability of the blood to clot is severely 

reduced, causing the sufferer to bleed severely from even a slight injury. The condition is 

typically caused by a hereditary lack of a coagulation factor, most often factor VIII. 

 

Hemophilia Explained Video: https://www.youtube.com/watch?v=BoXBuJSURTI 

 

Use the pedigree below to answer 8-12  

 

 
8.  In a pedigree, a square represents a male. If it is darkened, he has hemophilia; if clear, he had 

normal blood clotting.  

a. How many males are there? __________________  

b. How many males have hemophilia? ____________ 

 9. A circle represents a female. If it is darkened, she has hemophilia; if open she is normal. 

a. How many females are there? _________________  

b. How many females have hemophilia? __________  

 

10. A marriage is indicated by a horizontal line connecting a circle to a square.  

a. How many marriages are there? _______________  

 

11. A line perpendicular to a marriage line indicates the offspring. If the line ends with either a 

circle or a square, the couple had only one child. However, if the line is connected to another 

horizontal line, then several children were produced, each indicated by a short vertical line 

connected to the horizontal line. The first child born appears to the left and the last born to the 

right.  

https://www.youtube.com/watch?v=BoXBuJSURTI
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a. How many children did the first couple (couple in row I) have? ______________  

b. How many children did the third couple (couple in row III) have? ____________  

 

12. Level I represent the first generation; level II represents the second generation.  

a. How many generations are there? _______________  

b. How many members are there in the fourth generation? _____________  

 

Use the pedigree below to answer 13-18. 

 

Huntington’s Disease Defined:  a hereditary disease marked by degeneration of the brain cells 

and causing chorea and progressive dementia. 

Chorea Defined: a neurological disorder characterized by jerky involuntary movements 

affecting especially the shoulders, hips, and face 

 

Huntington’s Disease Explained Video:  https://www.youtube.com/watch?v=JL9Y3P870jU  

 

Shaded Individuals Have Huntington’s Disease 

 

 
13.Write the generation on the pedigree numbers (roman numerals).  

 

 

14.Which members of the family above are afflicted with Huntington’s Disease?  

 

 
15.There are no carriers for Huntington’s Disease- you either have it or you don’t. With this in 

mind, is Huntington’s disease caused by a dominant or recessive trait?  

 

 

 

https://www.youtube.com/watch?v=JL9Y3P870jU
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16.How many children did individuals I-1 and I-2 have? 

 

 

17.How many girls did II-1 and II-2 have? How many have Huntington’s Disease?   

 

 

 

18.How is individual III-2 and II-4 related? I-2 and III-5?  

 

 
Use the Pedigree below to answer 19-23 

 

Hitchiker’s Thumb Explained:  Hitchhiker's thumb is a thumb that's hypermobile, or very 

flexible, and able to bend backward beyond the normal range of motion. 

 

     
19. Write the generation on the pedigree numbers (roman numerals). The pedigree to the above 

shows the passing on of Hitchhiker’s Thumb in a family. Is this trait dominant or recessive?  

  

 

20. How do you know?  

 

 

 

21. How are individuals III-1 and III-2 related?  

 

 

 

  

22. Name 2 individuals that have hitchhiker’s thumb.  
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23. Name 2 individuals that were carriers of hitchhiker’s thumb.  

 
 
 
 
Now let’s look at some of your traits 

Earlobes: 

 

If earlobes hang free, they are detached. If 

they attach directly to the side of the head, they are attached 

earlobes. Some scientists have reported that this trait is due to 

a single gene for which 

unattached earlobes is dominant and attached 

earlobes is recessive 

 

24.  

a. Do you have attached or detached earlobes?   

 

b. Based on the structure of your earlobes, what can you say about your parents’ genes? 

 

 

c. If possible, check out your parents and grandparents’ earlobes and make your own 

pedigree.  (You can also ask your any aunts and uncles too.) 

 

25.Tongue rolling: 

 

Rolling the tongue (like shown in the picture) into a 

tube shape is often described as a dominant trait. 

 

 

a. Can you roll your tongue?   

 

b. Based on whether or not you can roll your tongue, what can you say about your parents’ 

genes? 

 

 

c. If possible, ask your parents and grandparents’ if they can roll their tongue and make your 

own pedigree. (You can also ask your any aunts and uncles too.) 
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26.  Widow’s peak: 

 

A pointed frontal hairline, popularly 

referred to as widow's peak, may be 

inherited as an autosomal dominant. 

If you have bangs or hair on your 

forehead, you will need to pull the hair 

back to see your hairline. 

 

a. Do you have a widow’s peak?   

 

 

b. Based on whether or not your parents have a widow’s peak, what can you say about your 

parents’ genes? 

 

 

c. If possible, ask your parents and grandparents’ if they have a widow’s peak and make 

your own pedigree. (You can also ask your any aunts and uncles too.) 

 

 

 

 

For more information if you’re interested, here is a link to some other fun examples of how cool 

genetics can be! https://www.koshland-science-museum.org/sites/default/files/uploaded-

files/Inventory_of_Your_Traits.pdf 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.koshland-science-museum.org/sites/default/files/uploaded-files/Inventory_of_Your_Traits.pdf
https://www.koshland-science-museum.org/sites/default/files/uploaded-files/Inventory_of_Your_Traits.pdf
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Activity #9 DNA 

 
 

 

 

 

 
 

DNA 
Structure What is 

DNA? 

Biological 

Blueprint 
Carries genetic 
information for 
making proteins 

 

 
Sugar 

Phosphate 

DNA Is A Property 
of 
Life 

Present in all living organisms 

99.9% of your DNA is the same 

< .1% is different 

 

Everyone’s DNA is different 
(except Identical twins) 

Genetic fingerprint 
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Step 1 
 

DNA 
Extraction‐4 
Steps 

Step 2 
 

Step 3 
 

 
Step 4 

Easy to 

access 

Can get 
many cells at 
once 

https://www.sciencesource.com/archive/Swabbing‐cheek‐for‐DNA‐SS2294579.h 
ml 

Very important 
step!!! 

Collect the Cells 

http://www.sciencesource.com/archive/Swabbing
http://www.sciencesource.com/archive/Swabbing
http://www.sciencesource.com/archive/Swabbing
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Lyse the cells 
 

 

 

 https://www.teacherspayteachers.com/Product/Cell‐ 
Membrane‐Phospholipid‐Bilayer‐Active‐Passive‐
Transport‐ Editable‐3280246 

Aggregate the 
DNA 

 

 

 

http://www.teacherspayteachers.com/Product/Cell
http://www.teacherspayteachers.com/Product/Cell
http://www.teacherspayteachers.com/Product/Cell
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Cheek Cell DNA Extraction Experient 

 

Materials: (Items * in HSTA Kit) 

2 clear plastic cups * 

8 tablespoons of water 

2 teaspoons of Dawn dish detergent * 

1/2 teaspoon of salt 

1/3 cup of cold isopropyl alcohol (70% or higher) * 

Note:  this can be placed in the freezer at the start of the experiment, so it is cold. 

 

Optional Materials: 

Long piece of string or yarn 

Disposable pipette * 

Flip cap microcentrifuge tube * 

 

Collecting the Cells  

*Note:  It is important while collecting your cheek cells that you do not swallow.  The more cells 

you collect the more DNA you will have at the end of the experiment! 

1.  Gently scrape the sides of your cheeks with your teeth for 30 seconds.  Do not swallow while 

doing this! 

2.  Swish ½ tablespoon of water back and forth between your cheeks for 30 seconds.  Again, do 

not swallow. 

3.  Spit the water and collected cells into a clear plastic cup. 

Breaking open the cells 

4.  In another plastic cup add 6 tablespoons of water and 2 teaspoons of Dawn dish soap. Stir 

gently.  Try not to make lots of bubbles. 
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5.  Add 2 teaspoons of soap mixture to your spit. Stir gently until mixed (~10 seconds). 

 

Aggregating and Precipitating the DNA 

6.  Add 1/2 teaspoon of salt to your spit.   

7.  Stir gently until mixed (~10 seconds).  Again, try not make lots of bubbles. 

8.  Tilt Spit/Soap Mixture cup at an angle and slowly add ¼ cup of COLD isopropyl alcohol 

9.  Wait 5 minutes 

 
10.  Rinse and dry soap solution cup. 

11.  At an angle, pour DNA/alcohol mixture slowly into the clean plastic cup. 

12.  Wait 3 minutes. 

13. Your DNA should appear as white strands or clumps 

 
 

 

Optional:  DNA necklace 

1.  Using a disposable pipette to suck up the DNA and place it in a flip cap 

microcentrifuge tube.   

2.  Close a piece of yarn or string in the hinge of the cap.   

3.  For longer storage you can place superglue around the cap.  
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#9 Handout 

1.  In which cellular compartment do you expect to find DNA? 

 

 

 

2. Does a liver cell contain the same DNA as a cheek cell? Explain. 

 

 

 

3.  Once the membranes have dissolved, the DNA is released into the solution, but so are many 

other types of cellular molecules.  List some types of molecules besides DNA that you would 

expect to find in the cell. 

 

 

 

4.  Sugar and salt look similar and are about the same size.  Could you have used sugar in place 

of the salt in this experiment?  Explain. 

 

 

 

5.  Individual strands of DNA are not visible to the naked eye.  Why are we able to see our DNA 

at the end of this experiment? 

 

 

6.  Match the outcomes on the left with the laboratory steps on the right. 

                A.  Gently chew the      

                                                               insides of your mouth    

                                                               and then rinse vigorously   

                                                               with water 

____Harvest the cells 

____Dissolve cell membranes  B.  Layer cold alcohol over cell extract 

____Precipitate the DNA   C.  Mix in a detergent solution    

____Aggregate the DNA   D.  Add Salt 
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Activity #10 DNA 
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This video explains transcription and translation: 

https://www.youtube.com/watch?v=itsb2SqR-R0  

 

https://www.youtube.com/watch?v=itsb2SqR-R0
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#10Handout 

 

Your HSTA Teacher will give you a sequence and you have to determine what superpower you 

will have. 
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Glenville State College  

 

 
Learn more about GSC at https://www.glenville.edu/  

Activity #11 Python & Google Colab   

Welcome to HSTA Summer Camp 2021! This week you will explore and learn real-world 

Python programming techniques with Google Colab, illustrated with useful and interesting 

examples, and applications and projects in your daily life. We will quickly go through basic 

commands in Python and everyone can practice programming skills with Google Colab 

immediately in their browser, and even easily to modify or update existing applications or 

projects. Python is not only a friendly and fun programming language to learn, but it also powers 

the technology and offers fantastic career opportunities for anyone who masters it. We hope you 

enjoy the tutorials and accomplish (code) assignments on your own. Help seeking from any 

online resources is highly recommended. With enough practice, you’ll master the material. Have 

fun! First step is to create a Google create if you do not have one. To start using Google Colab, 

you first must create/log in to your Google account. Click here to create your google account. 

You will have accesses to all features provided by Google, such as Gmail, Google Drive, etc. 

 

To access the material please visit:  

https://drive.google.com/drive/folders/1GaRnnAXHAQ10bLlGjE0Fg9xS-Vi6hzzQ 

 

Read the Welcome PDF. Then start with Day 1 and work your way through the material.  

 

#11 Handout 

Create a google folder with your materials and share you with your HSTA Teacher. In addition 

to your folder with all your work in it, provide a summary 4-5 sentences about what you learned 

and did. 

 

https://www.glenville.edu/
https://drive.google.com/drive/folders/1GaRnnAXHAQ10bLlGjE0Fg9xS-Vi6hzzQ
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Marshall University  

 

 

 

 

 

 

 

 

 

 

 

 

 

Learn more about Marshall University at https://www.marshall.edu/  

 

 

Welcome to the Marshall University’s edition of summer modules for your learning. As I sit in 

my office, listening to the rain fall outside, I wish I could see you all in person. I am praying that 

this message meets you all with good health and strength. 

Activity #12 Descriptive Statistics 

 

Motivation 

“What is the average age of a person living in West Virginia?”, asked Becky. “I’m writing a 

report about how West Virginia compares to Ohio, and I want to include that in my report.”  

 

“Well”, said Ms. Pearline, the stats teacher, “How would you find out?”   

 

“I could look it up on the internet, but…” 

 

“The numbers you’d get there won’t teach you as much as finding out yourself. Why do you 

want this for your report?” 

 

“I want to write a report about if the age of the average person in West Virginia is changing over 

time. People say that West Virginia is getting older. I want to test that.” 

 

“So,” said Ms. Pearline, “Let’s start to find out!” You knew, that with twinkle in her eye, a 

project was brewing.  “You know there are other numbers that describe populations. Like the 

median, mode, range and standard deviation”. 

https://www.marshall.edu/
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“Standard devi…what?” asked Becky. 

 

“We are about to find out.” 

Descriptive Statistics  

Becky has a problem. She wants to find the average, or mean, of the population of West 

Virginia. The problem is, there are a lot of people in West Virginia. How should start this 

project? We will begin to explore this by talking about populations and samples. Then we will 

see how she could gather the data necessary to approximate the mean of the population of West 

Virginia. In the process, we will learn about other numbers that describe populations. The 

numbers that are said to describe a population’s “shape” are called descriptive statistics. 

 

Populations 

Groups of things are called populations. Populations are normally too big to count. Some 

examples of populations are: 

• The lengths of all the great white sharks in the red triangle. 

• The proportion of people infected with COVID-19 in the country of India. 

• The number of rocks in the Appalachian Mountains 

• The heights of every 19-year-old in the city of Huntington, WV. 

And of course 

• The ages of all the people in West Virginia 

Name three populations that are too big to “catch them all”? 

1. ______________________ 

2. ______________________ 

3. ________________________ 

Again, the problem with populations is they are TOO BIG TO COUNT! For example: 

• We cannot catch all the great white sharks to measure their lengths.  

• We cannot find everyone infected with the COVID-19 virus, or find everyone that is not 

infected. Just too many people to look for. 

• We cannot find all the people in West Virginia and ask them all their ages. 

 

 

 

That is our problem. How do we solve it? By taking a representative sample.  

The sample: 

1. Allows any of the members of the population to be sampled (not biased) 

2. No other sample pick depends on another sample pick (independence) 

3. The size of the sample must be large enough. Rule of thumb is > 30. More is 

better. 
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This means that Becky cannot go to the nursing home and ask all their clients their ages, get 50 

people from there, and call it a day. She will have to get her information from more than just one 

place.  

 

If we obtain a sample that is includes all representatives (people from all age groups), everyone 

was given the same opportunity to participate, and if we get a large enough sample, the sample 

average can represent the population average, after a fashion. This is why statistics is powerful. 

You do not have to measure the whole population to say something about the population. With a 

properly constructed sample, you can use sample statistics it to get you in the ballpark of the 

population statistics. 

 

 

Question 

How might Becky, a student with limited resources, arrange to get a sample of age from a set of 

West Virginians? 

 

Finding the sample mean 

Becky’s Sample 

 

Becky decided to use the internet to her advantage. She used both a Facebook and a paper survey 

to ask the ages of West Virginians. She placed the surveys in various places and had her relatives 

all across the lovely state of WV to collect information for her. She got over 3000 responses. We 

are only going to use 30 randomly chosen results. 

69 52 41 36 52 

48 81 53 49 65 

25 52 38 58 29 

44 47 25 16 25 

11 15 35 34 46 

52 14 50 96 43 

 

Now that we have a sample, let’s look at the “shape” of our data. We will come back to this data 

later.  

 

 

The Shape of a Population 

The shape of a population is described in its central tendency and its variation. All descriptive 

statistics fall under either how to determine the population’s representative “middle” or how 

much the data is spread out from the center. 

 

Central Tendency Statistics 
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The central tendency statistics are the mean (average), median and mode. These tell us what the 

“middle” of the data lies. 

 

The Mean 

The mean of the data is calculated by adding up all the data and dividing it by the number of data 

points you added up. If we had a set of numbers {1, 2, 3, 4, 5} the mean would be: 

𝑚𝑒𝑎𝑛 =  
1 + 2 + 3 + 4 + 5

5
= 3 

The Median 

The median is the middle number when all of the numbers are in rank order. If you have an odd 

amount of numbers the median is truly the middle number. For the set of numbers {1, 2, 3, 4, 5}, 

the median is 3. 

For an even set of numbers {5, 4, 6, 7, 8, 2} first rank order the numbers: 

{2, 4, 5, 6, 7, 8} 

Then take the average of the middle two,  
5+6

2
= 5.5. 

 

The Mode 

The mode is the most repeated number in the set. In the set of numbers {1, 1, 1, 4, 5, 6} 1 is the 

mode. 

 

There are times when the mean, median and mode are close to one another. This happens when 

the data have a special relationship called normality. That means the data are spread out in a way 

that resembles a normal curve. More on this later.  

 

The Range 

We have explored what it is to find the central tendency of a set of data. This is only one part of 

the “shape” of a data distribution. Variation is the other part of the shape. It describes how the 

data is spread out.  

The Range is the max – min of the data set. For example, for the data {1, 2, 3, 4, 5} the range is  

5-1 = 4.  
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Activity #12 Handout 

 
 

From Worksheet 3: http://imathworksheets.com/stats-probability/meanmedianmoderange-worksheets/ 

 

 

 

http://imathworksheets.com/stats-probability/meanmedianmoderange-worksheets/
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Finally, look at the data Becky collected.  

 

Using a program like Excel, find the mean, median and mode for this data. 

69 52 41 36 52 

48 81 53 49 65 

25 52 38 58 29 

44 47 25 16 25 

11 15 35 34 46 

52 14 50 96 43 

 

 

Mean =  

Median =  

Mode =  
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Activity #13 Data Spread and Shape of Data 

We have learned how to get the central tendency of the data we sampled. Now we need to see the 

spread of our data.  

Variation is measured by the range, interquartile range, and standard deviation. We will learn 

each of these, and then we will put the central tendency and variation statistics together to “see” 

the shape of our data. 

 

The Range 

To recap, the range is the max – min of the data set. For example, for the data {1, 2, 3, 4, 5} the 

range is  

5-1 = 4.  

 

The Interquartile Range or IQR 

The IQR sounds more difficult than it is. Let’s calculate one. These are the steps: 

1. Rank order the data 

2. Calculate the median  

3. Calculate the median of the left side. This is Q1. 

4. Calculate the median of the right side. This is Q3. 

5. Subtract Q3-Q1. This is the Interquartile Range (IRQ).  

For the data set {9, 1, 2, 7, 4, 5, 6, 3, 8}  

1. Rank order the data  

{1, 2, 3, 4, 5, 6, 7, 8, 9} 

 

2. Calculate the median 

In this case, the median in 5 

  

3. Calculate the median of the left side. This is Q1. 

The median divides the left and right sides of the data.  

{ 1, 2, 3 ,4     5    6, 7, 8, 9} 

Left side   Right side 

The median of the left side (1, 2, 3, 4) is Q1 = 2.5 

4. Calculate the median of the right side. This is Q3. 

 

The median of the right side (6, 7, 8, 9) is Q3 = 7.5 

 

5. Subtract Q3-Q1. This is the Interquartile Range (IRQ).  

IQR = Q3 – Q1 = 7.5 – 2.5 = 5.0. 
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The Five Number Summary of Data, Box Plots 

The five-number summary of data describes the central tendency and spread of the data. These 

are 

• Minimum 

• Q1 

• Median 

• Q3 

• Maximum 

The five number summary can be illustrated to show the shape of the data, through a box plot.  

For example, if the five-number summary was 

• Minimum = 8 

• Q1 = 15 

• Median = 20  

• Q3 =  25  

• Maximum = 27 

 
Where 25-15 = 10 is the IQR.  

Lastly, the distance between the  

• min and q1 is 25% of the data 

• Q1 and Median is 25% of the data 

• Median and Q3 is 25% of the data 

• And Q3 to max is 25% of the data 

Thus, looking at our boxplot, 75% of the data is above 15, and 25% of the data is above 25.  

Let’s interpret boxplots. Do the next practice sheets to see how well you interpret boxplots. 
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#13 Handout 
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Activity #14 Standard Deviation 

 

The Standard Deviation 

The standard deviation is also a measure of data spread that is used as a companion to the mean. 

Standard deviation is the average distance from the mean. The formula for the standard looks 

complicated, but its really not. 

 

𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 =  √
∑ (𝑥𝑖 − 𝑚𝑒𝑎𝑛)2𝑛

1

𝑛 − 1
 

Where:  

• ∑ (𝑥𝑖 − 𝑚𝑒𝑎𝑛)2𝑛
1  is adding up all the differences of (numbers – mean)2   

• n = number of data points 

For example, with the numbers { 1, 2, 3, 4, 5}  the mean is  

1 + 2 + 3 + 4 + 5

5
= 3 

So the variance, or standard deviation squared is  

(1 − 3)2 + (2 − 3)2 + (3 − 3)2 + (4 − 3)2 + (5 − 3)2

5 − 1
=  

4 + 1 + 0 + 1 + 4

4
= 2.5 

Finally, √2.5 ≈ 1.58 

 

We describe this data’s shape as having a mean of 3 and the standard deviation of 2.5. The mean 

and the standard deviation are often used together, much like the median and the IQR.  

 

Normally, this calculation is done in a statistical program, like Excel, but we will work the next 

problem out by hand. 
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#14 Handout 

 
From: Calculating standard deviation, https://www.dvusd.org/cms/lib011/AZ01901092/Centricity/Domain/2907/9.4%20-

%20Standard_Deviation_Practice_Worksheet_-_IM_3.pdf 

https://www.dvusd.org/cms/lib011/AZ01901092/Centricity/Domain/2907/9.4%20-%20Standard_Deviation_Practice_Worksheet_-_IM_3.pdf
https://www.dvusd.org/cms/lib011/AZ01901092/Centricity/Domain/2907/9.4%20-%20Standard_Deviation_Practice_Worksheet_-_IM_3.pdf
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Activity # 15 Independent T-Test 

 

There are times when we want to compare the means of two separate (independent) populations. 

An example is whether the mean test scores for a COVID-19 vaccination information test are 

different for 1st year or 3rd year students in high school. A t-test can be used to find out this 

information. 

 

A t-test evaluates whether a population is statistically different than another population. You can 

only test two populations with a t-test. Here is how you set one up.  

One a sheet of paper, use these heading to separate your analysis: 

• Introduction 

• Hypothesis 

• Criteria 

• Results 

• Conclusion and Discussion 

These will now be explained in detail. 

 

Introduction 

The introduction of the problem states why you want to do this analysis, its importance, and 

states a question that you want to evaluate using a t-test. 

Example Introduction: 

Vaccination from the COVID-19 virus is an important step in the of WV coming out of 

quarantine. We wondered what information our student body knew about the vaccine. We 

gathered data from the CDC and made a multiple-choice test with ten questions. We then 

administered the test to 15 1st year and 15 3rd year students. We wanted to know if the mean test 

scores of the population of the 1st year students were different than the population of the 3rd year 

students. 

 

Hypotheses 

There are two hypotheses 

• the null hypothesis: Ho 

• the alternative hypothesis: Ha 

 

The null hypothesis of a t-test is that the population means will be the same.  

Ho: Population mean 1 = Population mean 2 

The alternative hypothesis can take many forms, but for the sake of this teaching, we will state 

the population means will not be the same,  

Ha: Population mean 1 ≠ Population mean 2 —a two-sided test. 

 

The hypotheses for our example t-test is as follows: 
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Ho: Mean test scores for the population of 1st year students = Mean test scores for the population 

of 3rd year students 

Ha: Population mean test 1st year ≠ Population mean test 3rd year 

Criteria 

The criteria for the t-test is: 

If the p-value of the t-statistic is less than 0.05, then we reject the null hypothesis. If the p-

value is equal to or greater than 0.05, then we accept the null hypothesis. 

Here is an Excel Table for a T-Test: 

t-Test: Two-Sample Assuming Equal 

Variances 

  

   

  Pop 1 Pop 2 

Mean 41.6256 43.47847 

Variance 426.5599 647.0556 

Observations 6 6 

Pooled Variance 536.8077 
 

Hypothesized Mean Difference 0 
 

df 10 
 

t Stat -0.13851 
 

P(T<=t) one-tail 0.446292 
 

t Critical one-tail 1.812461 
 

P(T<=t) two-tail 0.892583 
 

t Critical two-tail 2.228139   

  

Since the p-value is 0.893, and 0.893 > 0.05, we accept the Ho, and conclude that  

Pop 1 mean = Pop 2 mean. The differences in the means are because we calculated these means 

from a sample.  We could not test the entire 1st year or 3rd year population. 

 

Here is another Excel table: 

t-Test: Two-Sample Assuming Unequal Variances  
   

  Pop 1 Pop 2 

Mean 17.66463 43.47847 
Variance 144.8995 647.0556 
Observations 6 6 
Hypothesized Mean Difference 0  
df 7  
t Stat -2.24687  
P(T<=t) one-tail 0.029736  
t Critical one-tail 1.894579  
P(T<=t) two-tail 0.039472  
t Critical two-tail 2.364624   
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Here, the two-tailed p-value is 0.0394 < 0.05, so here we reject the Ho, and accept Ha.  

 

Results 

If the null hypothesis is accepted, then we conclude that there is no difference between the 

population means. We end our analysis here. 

 

If the null hypothesis is rejected, we accept the alternative hypothesis 

Population mean 1 ≠ Population mean 2 

In our case, you would graph the two means showing their differences visually, making sure you 

would display the p-value on the graph. 

 
 

Conclusion and Discussion 

If the null hypothesis is rejected, speak to how much different the two means are, and why they 

are different.  

You can also discuss how you could make this experiment better. 

You end with how you thought about the experiment as a whole, noting other people’s 

experiments that are close to yours. This takes research. 

Finally, you can add a works cited page. 
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From Running a t-test in Excel: 

https://www.rwu.edu/sites/default/files/downloads/fcas/mns/running_a_t-

test_in_excel.pdf 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.rwu.edu/sites/default/files/downloads/fcas/mns/running_a_t-test_in_excel.pdf
https://www.rwu.edu/sites/default/files/downloads/fcas/mns/running_a_t-test_in_excel.pdf
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#15 Handout 

  

Problem 1 

 

Vaccination from the COVID-19 virus is an important step in the of WV coming out of 

quarantine. We wondered what information our student body knew about the vaccine. We 

gathered data from the CDC and made a multiple-choice test with ten questions. We then 

administered the test to 15 1st year and 15 3rd year students. We wanted to know if the mean test 

scores of the population of the 1st year students were different than the population of the 3rd year 

students. Use the two-tailed t-test for unequal variances.  

 

 

Write Statements for the following: 

• Introduction 

• Hypothesis 

• Criteria 

• Results 

• Conclusion and Discussion 

 

1st Year 3rd Year 

73 79 

78 82 

57 88 

66 84 

53 78 

73 73 

77 79 

61 81 

73 73 

67 83 

52 81 

54 76 

64 85 

101 69 

53 78 
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Problem 2 

 

The following data represent birth rate (per 1000 residential population) for independent random 

samples of counties in California and Maine. 

Reference: County and City Data Book 12th edition, U.S. Dept. of Commerce 

Do the states have the same birth rate? Use an independent, two tailed t-test. 

 

Write Statements for the following: 

• Introduction 

• Hypothesis 

• Criteria 

• Results 

• Conclusion and Discussion 

 

California Maine 

14.1 15.1 

18.7 14 

20.4 13.3 

20.7 13.8 

16 13.5 

12.5 14.2 

12.9 14.7 

9.6 11.8 

17.6 13.5 

18.1 13.8 

14.1 16.5 

16.6 13.8 

15.1 13.2 

18.5 12.5 

23.6 14.8 

19.9 14.1 

19.6 13.6 

14.9 13.9 

17.7 15.8 

17.8  
19.1  
22.1  
15.6  
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Activity #16 Paired T-Test 

 

What if we want to compare the population means of scores from people in the same class? For 

instance, we give a class a pre-test. Then we educate them, and afterwards, to test what they 

learned, give them a post-test.  

 
Our data is linked by the students in a particular class. In order to analyze if the means of the pre 

and post test are different for linked data, a paired t-test is performed. Data can be linked by 

student, by time, by location, or by other parameters. 

We structure our analysis in the same way we did the independent t-test. Write Statements for 

the following: 

• Introduction 

• Hypothesis 

• Criteria 

• Results 

• Conclusion and Discussion 

Pre-Test Educate
Post-
Test

Analysis
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Introduction 

We gave a pre and post-test to Ms. Pearline’s class about how to do a t-test. The results of the 

testing are below: 

Student Pre Post 

1 33 73 

2 65 79 

3 68 79 

4 67 76 

5 67 79 

6 61 81 

7 63 70 

8 66 74 

9 71 78 

10 56 87 

11 70 83 

12 81 79 

13 76 67 

14 50 77 

15 87 74 
 

Since the data is paired by student, then a pair t-test should be used.  

Hypotheses 

For a paired t-test, the null hypothesis, or Ho, would be the difference of the population means 

equals zero. The alternative hypothesis, Ha, would be that the mean difference is not zero. 

Ho: Population mean 1 – Population mean 2 = 0 

Ha: Population mean 1 – Population mean 2 ≠ 0, a two tailed test. 

For our example: 

Ho: pre-test mean score – post test mean scores = 0 

Ha: pre-test mean score – post test mean scores ≠ 0 

Criteria 

If the t-statistics’ p-value is less than 0.05, then we reject the null hypothesis, Ho. If it is equal to 

or greater than 0.05, we accept the null hypothesis. 
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Results 

The table below is after running the paired t-test in Excel. 

t-Test: Paired Two Sample for Means   

   

  Pre Post 

Mean 65.38968 77.08248 
Variance 166.072 24.9457 
Observations 15 15 
Pearson Correlation -0.0619  
Hypothesized Mean Difference 0  
df 14  
t Stat -3.21035  
P(T<=t) one-tail 0.003145  
t Critical one-tail 1.76131  
P(T<=t) two-tail 0.00629  
t Critical two-tail 2.144787   

 

From our results, we see that the p-value is 0.00629 < 0.05. We reject the Ho, and state that there 

is a difference between the means of the pre and post-tests of the students in Ms. Pearline’s class. 

We illustrate our findings in the graph. 

 
Discussion and Conclusions 

It seems that students are learning in Ms. Pearline’s class about t-tests. The post test mean is 

about 12 points higher than the pre-test.  

These are detailed instructions of how you do this in Excel. 
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Now, let us work on some paired data!  
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#16 Handout 

Birth Rate/Death Rate  

In the following data pairs 

A = birth rate (per 1000 resident population) 

B = death rate (per 1000 resident population) 

The data are paired by county in Iowa Reference: County and City Data Book 12th edition, U.S. 

Dept. of Commerce 

County  Birth Death 

1 12.7 9.8 

2 13.4 14.5 

3 12.8 10.7 

4 12.1 14.2 

5 11.6 13 

6 11.1 12.9 

7 14.2 10.9 

8 12.5 14.1 

9 12.3 13.6 

10 13.1 9.1 

11 15.8 10.2 

12 10.3 17.9 

13 12.7 11.8 

14 11.1 7 

Analyze using: 

• Introduction 

• Hypothesis 

• Criteria 

• Results 

• Conclusion and Discussion 
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Unemployment: College Grads Vs. High School 

In the following data pairs 

A = Percent unemployment for college graduates 

B = Percent unemployment for high school only graduates 

The data are paired by year 

Reference: Statistical Abstract of the United States 

College 
  High 
School 

2.8 5.9 

2.2 4.9 

2.2 4.8 

1.7 5.4 

2.3 6.3 

2.3 6.9 

2.4 6.9 

2.7 7.2 

3.5 10 

3 8.5 

1.9 5.1 

2.5 6.9 
 

Analyze using: 

• Introduction 

• Hypothesis 

• Criteria 

• Results 

• Conclusion and Discussion 
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Activity #17 

 

Please go to the website: https://www.marshall.edu/hsta/virtual-fun-with-science-summer-2020/ 

and explore all the counties virtually from our Marshall University students’ point of view. Some 

of the experiences are listed below. 

 

 
 

 

 
 

 

 

#17 Handout 

Watch at least two videos, submit 3-4 sentence summary.  

 

 

 

 

 

 

 

 

 

 

 

 

https://www.marshall.edu/hsta/virtual-fun-with-science-summer-2020/
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Enjoy the rest of your summer! 


