Hypothesis Testing with Monsters: A Statistical Bedtime Story

By Sue Kraus

[image: image1.wmf]    Once upon a time in a land far away there lived two little boys and their parents.  Their mother was very strict about going to bed on time, and unfortunately was also a statistician.  Now, being the child of a scientist is difficult, but when you mother is a statistician things really get ugly. Their father was an engineer, so he also was a firm believer in the scientific method.  One night, after being sent to bed much too early, Nick [image: image2.wmf]lay in his bed and tried to fall asleep.  He sang a song, got a drink of water, went to the bathroom, got up to search for his favorite yellow blanket, got some more water, and took another trip to the bathroom.  Nothing worked.  He hung his head over the side of the bed to look for toys to play with and then he saw it!  A monster under the bed! 

“Mom!”  He called, “I can’t go to sleep!  There is a monster under my bed!”

“Ah,” said his mother, the statistician, “that is just your research hypothesis.  I am sticking to the null hypothesis that there is no monster under your bed.” 
“But you can’t prove the null hypothesis!” shouted Nick, thinking he had found the perfect excuse to stay up late.

“Well, let’s do a hypothesis test then,” said his mother.  

“How sure do I have to be?”  Asked Nick.

“Let’s set the level of significance, or alpha, at .05” said his mother.  “You have to be 95% sure there really is a monster to stay up late.”

“Well, at least she didn’t say .01!  95% is easier to prove than 99%!” said his brother Ben, hoping he could stay up and play with the monster if it was really there.

“So Are you 95% sure there is a monster under the bed?”  Asked his mother.  “Are you sure it isn’t a dust bunny or an escaped hamster or a stuffed dinosaur?  You don’t want to make a type I error!”
Nick knew that if he made a type I error his mother would have a hard time believing him next time he claimed to see mythical beasts, so he thought hard.  He thought he had seen a monster, but would Ben see it if he looked?  Was he really sure enough to make Mom come look?  He knew that hypothesis tests weren’t just about what was true for your sample, but a question of whether other samples would get the same result, so it wasn’t enough for just him to see the monster.  Nick also knew the danger of a type II error.  He didn’t want to say there might not be a monster and end up eaten before morning!  Or worse, miss a chance to stay up late.  

Nick enlisted his big brother Ben’s help to assure that he didn’t make a type II error.  Ben knew all about how to increase power which meant you wouldn’t make a type II error.  “The first step to increasing power is to increase N,” said Ben. “I’ll look under the bed with you.  That will increase the power of your test.”  

“Alpha also affects power,” said Ben.  “Go and see if Mom will let you set alpha higher, even .10 would help.”

Nick put on his cutest face and asked his mom if she would consider raising alpha to .10.  “90% sure is pretty good…. “he pleaded, “ and you wouldn’t want the monster to eat me if we make a type II error.”

“It is very late Nick,” his mother replied. “At this point I am much more worried about a type I error.  If I let you stay up for nothing you might be late for school tomorrow.”  
Nick didn’t think the danger of type I error sounded very bad, but his mother’s voice was firm and she just might change alpha to .01 if he pushed too hard, so he relented.

“She won’t change alpha.”  He reported back to Ben.  “What else can we try?”

“Increasing the effect size helps a lot” said Ben. 

“What does that mean?” asked Nick.

“Look for a really big monster” Ben replied.  “We could feed the monster your Halloween candy to make it really big and easy to see!”
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“My candy? Why not your candy?” demanded Nick. 
“It is your monster, so it should be your candy” said Ben, “But that will take too long anyway.  I don’t think we can really change effect size unless the monster’s mother or big brother wanders under your bed.”

“I don’t want more monsters!”  Yelled Nick.  He was starting to get a little nervous at the thought of a whole family of monsters under his bed.  “I just want one big enough to stay up late.”

“Well, the only other thing is to reduce variability” Said Ben. “If you get rid of all the other junk under your bed it will be really easy to see the monster and prove it is there.”  

“That sounds like an awful lot of work” said Nick.  He yawned.  He was starting to feel a little sleepy.  
[image: image4.wmf]Nick and Ben worked on cleaning the junk out from under Nick’s bed in hopes of getting a clearer view of the monster, but there were lots of things under there and Nick fell asleep before too long.  
Ben gently scooped up the monster and carried to his room. “Mom!” He called, “I am more than 95% sure there is a monster, but it isn’t too big! Can I keep him in my room tonight?”
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“As long as you both go right to sleep!” said his mother. 
Ben drifted off to sleep, plotting to feed the monster to increase the effect size and place him in the newly cleaned space under Nick’s bed so they would have a good chance of staying up late tomorrow night.  

