Evaluating Experiments





Scenario # 1
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Multiple independent studies in cities across the United States have shown a significant correlation between the rates of ice cream consumption and violent crimes (both murder and rape). 
Problem/Question:   Does ice cream cause crime?
Observations/Research: Ice cream sales are highest on certain days of the year. Murder rates are highest on certain days of the year. Ice cream and murder rates are often highest on the same days of the year. 
Hypothesis: Ice cream causes crime. 
Experiment/Controls: Analysis of statistics. 
Data Collection/Results: The rate of ice cream consumption jumps several hours before that of violent crime. Interviews 
with convicted felons revealed that a higher percentage of them admitted to eating ice cream shortly before
commiting their crimes during those peak periods. 
Conclusions/Report: Ice cream causes crime. 
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The human eye is a trumph of complexity and function.  By using rods, cones, lenses and other tissues working together; eyes are able to detect light and convert it into electro-chemical impulses in the brain.  
Problem/Question:  How did the Eye evolve?
Observations/Research: Over 96% of all animals in existence today have some form of complex eye receptor system.  
Hypothesis:  It is likely due to irreducible complexity where "a single system which is composed of several well-matched interacting parts that contribute to the basic function, wherein the removal of any one of the parts causes the system to effectively cease functioning.”
Experiment/Controls:  Only by constructing a series of complex tissues (see eye diagram) can the eye function.  Removing any one part of the eye causes impairement or blindness.  
Data Collection/Results:  A mousetrap consists of several interacting pieces—the base, the catch, the spring and the hammer—all of which must be in place for the mousetrap to work. Removal of any one piece destroys the function of the mousetrap. The eye is like an irreducibly complex system, because the selectable function is present only when all parts are assembled.
Conclusions/Report:  The eye was a part of an intelligent design; not the result of natural selection.  
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There are four plants: Green Bean, butter bean, rye grass and a sunflower. These plants grow rather quickly. The green bean plant is placed under white light and is used as the control. The butter bean is placed under green light, the rye grass plant under red light and the sunflower under blue light. All the plants are watered one cup of water every other day and kept under the light the same amount of time. At the end of 4 weeks, the sunflower plant grows the most.
Problem/Question:  What color light is best for plants?
Observations/Research:  Plants naturally grow under white light. 
Hypothesis: If plants are placed under red light, then they should grow faster and better.
Experiment/Controls: The grean bean plant is placed under white light for control. The butter bean is placed under green light, the rye grass plant is placed under red light and the sunflower was placed under blue light. All the plants are watered under one cup of water every other day and kept under the light the same amount of time. 
Data Collection/Results: The sunflower plant under the red light grew the fastest.
Conclusions/Report: Since the sunflower plant grew the fastest, red light helps plants grow faster and better. 
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Scenario # 4
In 1939, Doctor Wendell Johnson of the University of Iowa and his assistant, Mary Tudor, selected 22 children from an orphanage in Iowa. Ten of the children had stutters and the rest spoke just fine.
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The stutterers were put in two groups, group IA that was to use positive reinforcement and other, group IB, that was to receive negative reinforcement. The non-stutterers were also broken into two groups, group IIB, that was told they spoke fine, and group IIA, who were told they were starting to stutter and needed to avoid making mistakes at any cost. The goal was to get those in group IA to stop stuttering and those in group IIA to start stuttering.

Group IIA started falling behind on their school work. The children started to second-guess their speech abilities and many stopped talking at all. 

Problem/Question:  Can reinforcement affect stutters?
Observations/Research: Positive reinforcement seemed to help children with stutters. 
Hypothesis: If children receive negative reinforcement, a stutter can be induced. 
Experiment/Controls: There were two groups for the children with stutters: Group IA (positive reinforcement) and Group IB (negative reinforcement). There were two groups for the children without stutters: Group IIA (positive reinforcements) and Group IIB (negative reinforcement).  
Data Collection/Results: Group IIA began to do poorly in school & developed speech problems. 
Conclusions/Report: When children are given negative reinforcement, speech ability can be negatively affected. 
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Scenario # 5
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In Lamarck’s theory of evolution, he stated that an organism was able to pass on required traits to their offspring. This theory is commonly used to explain the length of a giraffe’s neck. 
According to Lamarck’s theory, during a bad season when all the vegetation in lower areas (easily reachable by the giraffe with the shorter necks) had gone, the giraffes were forced to stretch their necks, to reach for food on a higher level. These giraffes would then have longer necks and would pass this trait of having a longer neck than the previous generation, accounting for the evolution of the giraffe from being an animal with a shorter neck to one seen today with its long neck. He based this theory off of detailed observations of animals and how they changed from generation to generation.
Problem/Question: How have giraffes necks changed over time?
Observations/Research: Present-day giraffes have longer necks than giraffes from the past. 
Hypothesis: Giraffes adaptations during their lifetime are passed on to their offspring. 
Experiment/Controls: Observational Experiment
Data Collection/Results: Over time, giraffes had longer necks than generations before them. 
Conclusions/Report: Organism’s adaptations during their own life are passed on to their offspring. 
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Scenario # 6
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Rico decided to test the difference in taste between Genetically Modified (GM) strawberries and Non-genetically Modified (Non-GM) strawberries. He collected GM strawberries and Non-GM strawberries from fresh farmers markets all through the state.             He had a random sampling of taste-testers from around the state. He informed the taste-testers which strawberries were GM’s and Non-GM’s. Rico analyzed his data and found that taste-testers strongly preferred Non-GMO’s. 
Problem/Question:  Do GM strawberries and Non-GM strawberries taste different?
Observations/Research: Genetically modified food products are plants that have had their genetic characteristics altered. Scientists change the plants' characteristics by putting new genetic material into them, genes for 
example from a bacterium which can withstand pesticides. GM strawberries tend to last longer and stay fresher than Non-GM strawberries.
Hypothesis: GM Stawberries taste worse than Non-GM Strawberries. 
Experiment/Controls: Taste-testers from around the state were given a variety of 10 GM strawberries and 10 Non-GM 
strawberries to taste. Subjects were informed of which strawberries were GM and non-GM. Each taste-tester was given the same brand of GM and non-GM strawberries. The strawberries were all fresh therefore the same “ripeness”. The taste-testers rated the strawberries on a scale of 1 to 10, where 1 was “strongly dislike” and  10 was “strongly like”. 
Data Collection/Results: Taste-testers preferred Non-GM’s to GM’s. 
Conclusions/Report: Non-Genetically Modified strawberries taste better than Genetically Modified Strawberries. 
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[image: image7.png]



Miyoko wanted to know what causes microbes to form in decaying broth. She thought that microbes come from the air therefore boiling will kill microorganisms. She put broth into three flasks. Flask 1 was left open and turned cloudy. Microbes were found. Flask 2 was boiled and then left open, microbes were found. Flask 3 was boiled and then sealed and no microbes were found. Miyoko determined that microbes come from the air. 
Problem/Question:  What causes microbes to form from the air?
Observations/Research: When broth is left out, microbes begin to form. Microbes come from the air.  
Hypothesis: If microbes come from air, when the broth is boiled, microorganisms will be killed.
Experiment/Controls: Broth was placed into three flasks. Flask 1 broth was not boiled and left open. Flask 2 was boiled and left open. Flask 3 was boild and sealed.  
Data Collection/Results: Microbes were found in flask 1 and 2. No microbes were found in 3.
Conclusions/Report: Since boiling the broth and sealing the flask prevented growth of microbes, microbes may come from the air.  
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Scenario # 8
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During the late 1950s, Dr. Stan began raising populations of light and dark peppered moths in his laboratory so he could perform his experiment. He marked all the moths with a drop of paint on the wings, so they could be recognized later. Next he released the light and dark moths in two separate wooded areas of England. The first was Birmingham wood near the city of Birmingham, which was very polluted. The second wooded area was Dorset wood, which was in a farm area that was not polluted. At the end of this, Dr. Stan set traps around the woods to catch the moths to see which populations survived in the two different areas. Peppered moths with the color of the trunks survived; in the polluted areas where the trees were black the black moths thrived, and in the woods where the trees were light the light moths thrived. Dr. Stan concluded that due to competition, dark peppered moths survived better in the polluted areas than light moths. He repeated his experiment multiple times after this.
Problem/Question:  Does pollution affect the kind of moth in an area?
Observations/Research: There was a reduced number of light colored European peppered moths (Biston betularia) (light color was most common) and an increased number of the darker colored moths in the industrial areas.
Hypothesis: Because moths spend a great deal of time during the day resting on tree trunks, Dr. Stan reasoned that they are probably exposed to a great deal of predation by birds and other animals.  It would 
therefore benefit a moth to be cryptically colored, so that it will blend in well with the background of the tree trunk on which it rests.
Experiment/Controls: Light and dark peppered moths were marked and both released into two separate wooded areas, one which was very polluted and one which was not. The moths were collected after an good amount of time to see how many of each peppered moth were alive. 
Data Collection/Results: Dark peppered moths survived better in industrial-polluted wooded areas while light peppered moths survived better in rural, light wooded areas. 
Conclusions/Report: Dr. Stan concluded that due to competition, dark peppered moths survived better in the polluted areas than the light moths.
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A class decided to test how food coloring affected celery freshness. 

The graph (left) are their results:  Numbers are the percent of students who voted for that freshness. For example, 4.5% of the students thought their control celery should be rated a freshness of 1, while 22.7% thought the blue celery rated a 1, and 9.1% thought the red celery rated a 1.

Problem/Question:  Does food coloring have an effect on celery freshness?
Observations/Research: In a previous experiment, the celery in red food coloring looked as if it were dead, but the celery in blue food coloring looked the same as when the students put it in the colored water.
Hypothesis: Based on the observations noted in reading, the class expects the celery in the blue water to say fresh while the celery in the red water wilts.
Experiment/Controls: The students will place one cut celery stock in each of three cups: [1] plan water (control), [2] water with red food color, and [3] water with blue food color. They will observe the celery after eight days to see if there is a difference between the freshness of the stocks.
Data Collection/Results:
 The students rated the freshness of the celery on a scale of 1 to 5, with 1 being the best. The rating method was subjective, and each group was asked to evaluate freshness based on comparing   their 3 celery stocks (control, red food color, blue food color). The class data was collected into a table, then made into a triple bar graph.
Conclusions/Report: The students concluded that the blue food coloring usually causes celery to age faster while the red food coloring usually kept it fresher. 
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Denzel erformed an experiment to find out if hamsters and mice are able to learn and recall what is learnt. The experiment also compares the speed of learning of hamsters and mice. 
Problem/Question:  Do mice or hamsters learn faster?
Observations/Research: Both hamsters and mice belong to the rodent family and are mammals. Both have very poor
eyesight but both have a good sense of smell and hearing. 
Hypothesis: Both hamsters and mice are able to learn and remember but mice are able to learn more quickly than 
hamsters.
Experiment/Controls: The independent  variable is the learning ability of the hamsters and the mice. The dependent variable is the time taken for the hamsters and mice to complete the maze, which is determined by a stopwatch.
 The controls are the size and type of the maze, the hunger levels of the rodents and the type of food used to lure them through the maze.              A maze approximately 100 cm x 200 cm in size was constructed. It was left outside for 2 days for the smell of the glue to diminish. A few sunflower seeds were paced in the finish zone of the maze.   The hamster and the mice were dropped in the start zone of the maze one at a time. The time taken for each of the hamsters and mice to find the food is timed and recorded in the table above. The procedure was repeated a 
total of 10 times, once every hour and all times are recorded in the above table. 
Data Collection/Results: See Above. 
Conclusions/Report: As more trials were performed, the mice and hamsters were able to learn and remember faster.
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Antibiotic resistance is a type of drug resistance where a microorganism is able to survive exposure to an antibiotic. The primary cause of antibiotic resistance is genetic mutation in bacteria. The prevalence of antibiotic resistant bacteria is a result of antibiotic misuse both within human and veterinary medicine. 

Esmeralda has discovered a new microbe. She decides to test whether the antibiotic, penicillin, kills a newly isolated type of microbe.   
Problem/Question:  Does the new microbe have penicillin resistance?
Observations/Research: Most microbes do not have penicillin resistance. However, recently, more microbes have developed antibiotic resistance. 
Hypothesis: Since most microbes do not have penicillen resistance, the new microbe will not be resistant to penicillin. 
Experiment/Controls:  There are 4 different petri dishes. Dish 1 has no microbe and no penicillen. Dish 2 has no microbe and has been applied penicillin. Dish 3 and 4 have the microbe and applied penicillin. 

 Dish 1 had no microbe and no penicillin. Dish 2 had no microbe with applied penicillen. 
Data Collection/Results: Dish 1 and 2 had no growth. Dish 3 and 4 did have growth of the microbe. The procedure was performed many times with the same batch of penicillin and arrived at the same results. 
Conclusions/Report: The new microbe does have penicillin resistance. 
Evaluating Experiments





Scenario # 12
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The skin on the surface of our palm and feet has many ridges, called friction ridges. Every person will have a pattern of ridges that is unique only to them, and which do not change over time. These patterns are called the fingerprint. These ridges help in amplifying the vibrations felt by our fingers, when rubbed over rough surfaces. They help us to feel and percieve the texture of a surface. Friction ridges also give us a better grip on smooth, wet, oily or slippery surfaces. 
Jada decided to test the effect of surface temperature on fingerprints. 

Problem/Question:  The effect of surface temperature on fingerprints. 
Observations/Research: Fingerprints that are left on a surface are either patent or latent. Patent prints are left by substances like ink, blood, oil or paint, while latent prints are left on surfaces by skin secretions like oil or sweat.  Latent prints are normally not visible to the naked eye. 
Hypothesis: The fingerprint obtained from a surface with a lower temperature will be clearer. 
Experiment/Controls: The independent variable is the temperature of the drinking glasses. The dependent variable is the clarity of the fingerprint made on the glass. This is determined by comparing powdered copies of fingerprints obtained on pieces of cellophane tape. The constants (control variables) are the drinking glasses, the finger used to create the fingerprints, the cocoa power as well as the softness of the brush used. The 6 drinking glasses were labeled as 0°C, 10°C, 20°C, 30°C, 40°C and 50°C respectively with the black marker. The temperatures were recorded. The glasses were filled to 80% volume and temperature was adjusted accordingly. Once the glasses were at temperature, a finger was pressed firmly against the surface of the glass. Cocoa powder was sprinkled on the surface of the glass and dusted. Transparent cellophane tape was used to collect the fingerprint. The 6 prints were compared and rated 1 to 6. 1 being the clearest fingerprint and 6 being the least clear fingerprint. 
Data Collection/Results: The results show that the fingerprint obtained at 0°C was the most clear. 
Conclusions/Report: As temperature decreases, the quality of the fingerprint becomes more clear. 
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Malathion is a pesticide used to kill mosquitoes and fruit flies.  However, it may be linked to attention deficit disorders in children.   Finding a method to regulate harmful behavioral effects is important in residential and agricultural areas.
Problem/Question:  Can activated carbon neutralize the harmful effects of pesticides?
Observations/Research: Activated carbon is an extremely porous carbon that has a very large surface area.  It is very useful in the removal of pollutants from water and air. Malathion is a common agricultural pesticide with hormonal and behavioral effects on humans. 
Hypothesis: A higher concentration of activated carbon will neutralize the pesticide malathion and flies will be able to survive and not suffer the behavioral effects of malathion exposure.
Experiment/Controls: The independent variable is the concentration of activated carbon solution.                          The dependent variable is the number of flies still alive in each aquarium at the end of the 1-hour period.                This is determined by observing the number of flies still alive every 10 minutes. The controls are the over-ripe banana, the size of the fish tank used for the experiment, and the concentration of the malathion spray.            Forty flies were collected. The 3 spray containers are labeled A, B and C. Using the digital weighing scale, 0.1mg of activated carbon is added to container A, 1.0mg in container B and 10mg in container C. Approximately 100ml of distilled water is added to all the 3 containers. The 4 aquariums are labeled as A, B, C and D.  Overripe bananas are cut in half and the exposed area is sprayed with malathion spray. One of the bananas is placed in the aquarium marked as D. The liquid in container A is sprayed over the exposed surface of one of the bananas which is then placed in the aquarium marked A. Similarly, sprays B and C are sprayed over the other bananas and then placed  in aquariums B and C. Ten flies are released into each of the 4 aquariums. The number of flies still alive is observed every 10 minutes and recorded in the graph.
Data Collection/Results: See Above Graph.
Conclusions/Report: Our hypothesis has been supported. A higher concentration of activated carbon will  neutralize the pesticide malathion and  flies will be able to survive, and not suffer the behavioral effects of malathion exposure.
Evaluating Experiments





Scenario # 14

[image: image15.png]Effect of activated carbon concentration on malathion

Surviving flies
15
—+—None
10 * -+-0.1g
5 . 1.0g
\ - 10g
0 - -

Omin  10min 20min 30min 40min 50min  60min

Time (minutes)




In the past 60 years, antibiotics have been critical in the fight against infectious disease caused by bacteria and other microbes. However, disease-causing microbes that have become resistant to antibiotic drug therapy are an increasing public health problem. Wound infections, gonorrhea, tuberculosis, pneumonia, septicemia and childhood ear infections are just a few of the diseases that have become hard to treat with antibiotics. One part of the problem is that bacteria and other microbes that cause infections are remarkably resilient and have developed ways to resist antibiotics and other antimicrobial drugs.

Problem/Question:  Is virus resistance due to random gene mutations?  Can genetic mutations arise in the absence of natural selection?
Observations/Research: Genetic mutations can arise in the presence of natural selection.
Hypothesis: In the absence of natural selection (no antibiotics), random genetic mutations  cause virus resistance. 
Experiment/Controls: Luria and Delbrück grew bacteria in tubes. After a period of growth,    they put equal volumes of these separate cultures onto agar containing phage (virus). If virus resistance were not due to random gene mutations, then each plate should contain roughly the same number of resistant colonies.
Data Collection/Results: The number of resistant colonies on each plate varied drastically. 
Conclusions/Report: Genetic mutations arise in the absence of natural selection. 
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Location A





Location B
Sand dunes provide a classic example of the progression of ecological succession. As one species makes the conditions less harsh, another is able to grow and thrive, eventually out-competing the first species. Sand dunes begin to form when sand is blown inshore from a beach. The first (pioneer) species have physiological adaptations such as thick waxy leaves and a small surface area. As the mound of sand grows, Marram grass seeds are deposited. Marram grass seeds can survive the extreme hot and dry conditions to which it is exposed. 
Problem/Question:  Effect of competition on the distribution of Marram Grass within a sand dune system.
Observations/Research: This investigation aims to examine the plant species found in a sand dune system, concentrating
particularly on marram grass, which plays an essential part in the early formation of the dunes, and yet is barely present in the final stages of succession.
Hypothesis: Marram grass is outcompeted in the final stages of succession of sand dunes. 
Experiment/Controls: Two sites were sampled. An area of 15m by 15m was chosen on each of two dune areas, and marked out using tape measures. The areas chosed were in distinctly different stages of succession: modbile dunes, in the fairly early stages, and fixed dunes, in the much later stages. At each site, 10 samples were take, the location of which were randomly chosed using a random numbers table. Plant species were identified through the use of various plant identification books. 10 samples were chosen and placed within the 2 areas. Each sample was given a space. At both of the sites, measurements of four abiotic factors were taken: soil pH, soil temperature, air temperature and water infiltration. 
Data Collection/Results: (See graphs above)
Conclusions/Report: As pioneer species such as Marram grass grow, they change the conditions, making them less harsh, meaning that more species can grow. As this happens, the new species out-compete the pioneers eventually leading, as has been seen during this investigation, to a complete lack of the pioneers during the later stages of succession.
