Example of Student Work, Quiz 4, Merrel Mice Data

This quiz was given to students two thirds of the way through the course. At this point, students should be able to read a complicated scenario with multiple quantitative and qualitative variables, then answer a series of challenging, open-ended questions. The first page details the scenario and questions.

Music and Concentration 

Background: 
http://www.uvm.edu/~dhowell/StatPages/More_Stuff/Anthrax.html

A high school student named David Merrell did a fascinating study of the effects of listening to rock music on the performance of rats in a maze. He trained 71 rats to run a maze. Next he divided the rats into  three groups. For the next month, one group was raised in the presence of rock music (performed by the group Anthrax), one group was raised in the presence of music by Mozart, and one group was raised in the absence of music. These animals learned to navigate a maze before exposure to the music, and then performed over three additional weeks. The response variable is time in seconds to complete the maze.

[image: ]Variables: 
Group: a=control, b=Mozart, c=Anthrax
w1r1, w1r2, w1r3, w2r1 ... w4r3 [The variable is time to complete the maze in seconds. The rats ran the maze 3 times/wk for 4 weeks]
meanw1 ... meanw4 [weekly mean run time (s) for each rat], 
medw1--medw4 [weekly median run time in seconds for each rat]
wtw1, wtw2, wtw3, wtw4 [weekly weight in grams for each rat], 
Subject 11 died in week 3. Data for this case was removed from the data set.

Questions:
(1) What is the explanatory variable in this experiment? What are you using as the response variable in your analysis?
(2) Why do you think Merrell kept track of the weights of the rats?
(3) Does music affect the rats' ability to run the maze? Do different types of music have different impacts on the rats?
(4) Why did you chose mean or median adm or IQR?
Questions about confounding variables:

(1) INVESTIGATION: Is weight a confounding variable in this experiment? 
How could weight impact a rat's speed in running a maze? 
If the rats are randomly assigned to treatment groups, what would we expect to see when we look at the distribution of birth weights in the treatment groups? Is this the case in Merrill's experiment? (Construct a graph to support your answer.)
Do you think weight is a confounding variable in this experiment? Why or why not?

Below is an example of student work with my comments in brackets and italics. This student has dyslexia with severe math anxiety. He completed his major coursework and “just needs math” to transfer to a 4 year university. He attempted Algebra 1 several times and either dropped or failed the class. He entered class with visible verbal trepidation. Below are the graphs he created and his answers to Questions 1 and 2. Questions 3 and 4 are on the following page.  The last page shares his graph and answer to Investigation 1.


[image: ] [image: ]

1.The explanatory variable is type of music, (no music, Anthrax, or Mozart). The response variable is weekly runs times, (weeks 1-4 seconds/ minutes) 

2. Merrel clearly kept track of the weight of the rats because it could become a factor in their run times of the maze.



3.Yes music does effect a rat's ability to run the maze. They also can improve through memory as the control group shows. Types of music plays a factor in their development. Loud music with deep bass and lots of sounds seemed to have a negative effect to the rats, whereas calming classical music seems to improve their brains function in some way. Anthrax group did worse every week, whereas the Mozart group improved every week up to week four.

In week one every group showed overlap between their ADM's.  However, by the end of week four, the Anthrax group's mean and ADM had risen significantly. Means rose from 569 to 1847 a addition of 1278 seconds (21.3 minutes)  to their times.  ADM's rose from a range of 492-646 to 1780-1910. Wheras the other groups ADM's, and means dropped over the weeks. The mozart group saw the biggest improvment with a drop in means from 618 to 114 shaving a whopping 504 seconds (8.4) minute from their averages. ADM ranges dropped from 552-687 to 86-141. The no music group also showed an improvement. Possible reason; the rats memory of the track helped improve their times, not just the music played. Their times were as follows 598 mean down to 346, a net lose of 252 seconds. (4.2) mintues. ADM ranges dropped from 540-663 down to 274-415 respectivly.

[bookmark: _GoBack][We initially teach students the Average Distance to the mean because it is easier to understand conceptually. Later, we explain the reason why mathematicians use standard deviation and thereafter use this measure of spread from the mean. This student confuses ADM with the mean + 1 ADM which is a relatively common misconception at this point in the course. Finally, the student mentions “overlap”. This requires an explanation. Students learn that the mean or median alone is not enough information to determine if there is a statistical difference between two values. To reinforce this notion, we introduce the vocabulary “typical value” or an interval of outcomes that one expects to see. In a symmetric distribution, it is the mean + 1 ADM and in a heavily skewed distribution or one with outliers, it is the first and third quartiles. They then learn to compare intervals from the same quantitative response variable, yet different values of a qualitative variable to look for statistical difference. In this case, the student compares run times between the Anthrax, Mozart and Control group. Students have had previous quizzes on this concept. In this quiz, students are then asked to compare across time or across different but related response variables.]


4.Mean and ADM were chosen because their were no significant outliers in any of the graphs. Most the groups stayed relatively close together on run times throughout the experiment. This made the mean and ADM a much better choice.



[image: ] [image: ] No Investigation 1

The weight of the rats was not a confounding variable, because most of the rats gained weight throughout the study. Additionally groups no music and Anthrax weighed almost identicaly in mean and ADM at the end of the study. Yet the control group (no music) significantly improved their times. The effect of the music most likely produces changes in brain activity or a physcial skull change. This along with the collective memory of the rats improved their times, excluding the Antrhrax group.

The weight of the rats could effect run times if a rat is fat it may move slower. However this is not what we've seen from the results. Collective weights have been about the same throught the experiment with the Mozart group only 3 grams under the norm in week 4. We would expect to see a broad range of birth weights throughout the groups, with their ADM's overlapping. Yes this is definately the case with Merrels rats.
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Anthrax.txt

case 1 of 71

Attribute Value Unit

subject 1

group a

w1r1 1068 seconds

w1r2 534 seconds

w1r3 352 seconds

w2r1 982 seconds

w2r2 170 seconds

w2r3 492 seconds

w3r1 492 seconds

w3r2 926 seconds

w3r3 273 seconds

w4r1 110 seconds

w4r2 592 seconds

w4r3 855.656 seconds

meanw1 651.33 seconds

meanw2 548 seconds

meanw3 563.67 seconds

meanw4 519.219 seconds

wtbirth 16.1 grams

wtw1 16.8 grams

wtw2 24.1 grams

wtw3 27.4 grams

wtw4 29.3 grams

medw1 534 seconds

medw2 492 seconds

medw3 492 seconds

medw4 592 seconds

<new attrib...
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-1.00 to 1.00 Average Deviation Hat Plot of meanw1 (seconds)
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meanw1 (seconds)
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346.129

114.583
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28.4609

31.6458
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