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Statistics - Part 2

Feb. 6, 2025
By the end of this lecture, you will be able to: 

1. Give examples of statistical bias 
2. Explain Simpson’s paradox, Base rate 

fallacy, Will Rogers phenomenon and 
Berkson’s paradox 

3. Define null hypothesis and compute p-
values 



How do we compute 
confidence intervals?
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Let                              be independent random 
samples drawn from a distribution of mean     
and standard deviation .  

    
     

<latexit sha1_base64="v73/7iDx2oytdIpUlff0XR7xX/Y=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjRLJAMoafTkzTpZejuEcKQT/DiQRGvfpE3/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHy044SGAg8kixnB1kkPXZH2yhW/6s+AlkmQkwrkqPfKX92+Iqmg0hKOjekEfmLDDGvLCKeTUjc1NMFkhAe046jEgpowm506QSdO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18HWZMJqmlkswXxSlHVqHp36jPNCWWjx3BRDN3KyJDrDGxLp2SCyFYfHmZNM+qwWX14v68UrvJ4yjCERzDKQRwBTW4gzo0gMAAnuEV3jzuvXjv3se8teDlM4fwB97nD2CejeA=</latexit>µ
<latexit sha1_base64="ySSPbiSfO6xTloTer7GyNK4O508=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrmEDgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPn5+PLQ==</latexit>�
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Central limit theorem with more details

<latexit sha1_base64="ySSPbiSfO6xTloTer7GyNK4O508=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrmEDgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPn5+PLQ==</latexit>�

<latexit sha1_base64="ySSPbiSfO6xTloTer7GyNK4O508=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrmEDgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPn5+PLQ==</latexit>�
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Recap of central limit theorem

Let                              be independent random 
samples drawn from a distribution of mean    
and standard deviation . For large enough     (> 
30), the distribution of the sample mean 

     
     
    is close to a normal distribution with mean 
    and standard deviation            .

<latexit sha1_base64="ySSPbiSfO6xTloTer7GyNK4O508=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrmEDgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPn5+PLQ==</latexit>�

<latexit sha1_base64="Q4u4GG7r8+ixV2ciP5l7HSKXkKo=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4qknxtSy6cVnBPqCJZTKdtEMnkzgzEUqov+LGhSJu/RB3/o3TNgttPXDhcM693HtPkHCmtON8W0vLK6tr64WN4ubW9s6uvbffVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvJ74rUcqFYvFnR4l1I9wX7CQEayN1LVLnnqQOvMU60f4vopOBBp37bJTcaZAi8TNSRly1Lv2l9eLSRpRoQnHSnVcJ9F+hqVmhNNx0UsVTTAZ4j7tGCpwRJWfTY8foyOj9FAYS1NCo6n6eyLDkVKjKDCdEdYDNe9NxP+8TqrDSz9jIkk1FWS2KEw50jGaJIF6TFKi+cgQTCQztyIywBITbfIqmhDc+ZcXSbNacc8rZ7en5dpVHkcBDuAQjsGFC6jBDdShAQRG8Ayv8GY9WS/Wu/Uxa12y8pkS/IH1+QMaZpRr</latexit>p
�2/n

For smaller sample sizes, another distribution 
called the t-distribution must be used instead 
of the normal distribution
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Example 2: In an orchard, there are hundreds of 
apples on the trees, and we want to measure the 
mean weight of the apples. You randomly choose 
just 46 apples and get the mean and the standard 
deviation of the weights as   
What is the 95% confidence interval?

The standard deviation of the distribution 
of means 

For 95% confidence level, the margin 
of error = 

The 95% confidence interval = (84.2, 87.8)

3-sigma rule

Normal Confidence Interval for Means
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m: # of samples in the circle 
n: # of samples dropped

m = 798, n = 1000

Then, how do we calculate the confidence 
interval for our estimate of     ?
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Binomial proportion confidence interval is an 
interval estimate of a success probability    when 
only the number of experiments    and the number 
of successes      are known

Let                   be the estimate for 

If the sample size is not too small, the distribution 
of     is close to normal, with mean value     and 
standard deviation

We can approximate this by 
with the hope that      is not close to 0 or 1 and 
is not too far from 
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Binomial proportion confidence interval is an 
interval estimate of a success probability    when 
only the number of experiments    and the number 
of successes      are known

Let                   be the estimate for 

If the sample size is not too small, the distribution 
of     is close to normal, with mean value     and 
standard deviation

We can approximate this by 
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<latexit sha1_base64="9jqa43FL7L9V9mFvDiNMPJKvBJA=">AAAB73icbVDLSgMxFL3xWeur6tJNsAiuyoz42ghFNy4r2Ae0Q8mkmTY0yYxJRihDf8KNC0Xc+jvu/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RkvLK6tr64WN4ubW9s5uaW+/YeJUU1ansYh1KySGCa5Y3XIrWCvRjMhQsGY4vJ34zSemDY/Vgx0lLJCkr3jEKbFOanUM70uCr7ulslfxpsCLxM9JGXLUuqWvTi+mqWTKUkGMafteYoOMaMupYONiJzUsIXRI+qztqCKSmSCb3jvGx07p4SjWrpTFU/X3REakMSMZuk5J7MDMexPxP6+d2ugqyLhKUssUnS2KUoFtjCfP4x7XjFoxcoRQzd2tmA6IJtS6iIouBH/+5UXSOK34F5Xz+7Ny9SaPowCHcAQn4MMlVOEOalAHCgKe4RXe0CN6Qe/oY9a6hPKZA/gD9PkDe3qPng==</latexit>� = <latexit sha1_base64="z6Zsi/AyB0oLjWeIwpHMm2cbZ+Y=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppg3NJCHJiGXoR7hxoYhbv8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/Vbj1QbJsWDHSsaJnggWMwItk5qdbFSWj71yhW/6s+AlkmQkwrkqPfKX92+JGlChSUcG9MJfGXDDGvLCKeTUjc1VGEywgPacVTghJowm507QSdO6aNYalfCopn6eyLDiTHjJHKdCbZDs+hNxf+8Tmrj6zBjQqWWCjJfFKccWYmmv6M+05RYPnYEE83crYgMscbEuoRKLoRg8eVl0jyrBpfVi/vzSu0mj6MIR3AMpxDAFdTgDurQAAIjeIZXePOU9+K9ex/z1oKXzxzCH3ifP5aij8A=</latexit>⇡
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Example 3: Estimation for the value of 

1. Compute the point estimate

 = 798,  = 1000<latexit sha1_base64="X5lxFar8DzLkQRp2O8nkiTl/QKA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+qZXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBjvI3i</latexit>ns
<latexit sha1_base64="zrAoX5WZl/tVsNb6yPWAMQONjzc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVZa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB2lGM/A==</latexit>n
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Example 3: Estimation for the value of 

2. Compute the standard deviation 

1. Compute the point estimate

 = 798,  = 1000<latexit sha1_base64="X5lxFar8DzLkQRp2O8nkiTl/QKA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+qZXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBjvI3i</latexit>ns
<latexit sha1_base64="zrAoX5WZl/tVsNb6yPWAMQONjzc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVZa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB2lGM/A==</latexit>n
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Example 3: Estimation for the value of 

2. Compute the standard deviation 

3.The 95% confidence interval for the success probability is

1. Compute the point estimate

 = 798,  = 1000<latexit sha1_base64="X5lxFar8DzLkQRp2O8nkiTl/QKA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+qZXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBjvI3i</latexit>ns
<latexit sha1_base64="zrAoX5WZl/tVsNb6yPWAMQONjzc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVZa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB2lGM/A==</latexit>n
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Example 3: Estimation for the value of 

Since            , the 95% confidence interval for     is 
(3.088, 3.296) (the conf. interval for p mult. by 4)

2. Compute the standard deviation 

3.The 95% confidence interval for the success probability is

1. Compute the point estimate

<latexit sha1_base64="LRBh35ljYdcTTZOuPnLj4r5v0xw=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIfWyEohuXFexD2qFk0rQNTTIhyQhl6Fe4caGIWz/HnX9j2s5CWw9cOJxzL/feEynOjPX9by+3srq2vpHfLGxt7+zuFfcPGiZONKF1EvNYtyJsKGeS1i2znLaUplhEnDaj0e3Ubz5RbVgsH+xY0VDggWR9RrB10mNHMXSNKkh1iyW/7M+AlkmQkRJkqHWLX51eTBJBpSUcG9MOfGXDFGvLCKeTQicxVGEywgPadlRiQU2Yzg6eoBOn9FA/1q6kRTP190SKhTFjEblOge3QLHpT8T+vndj+VZgyqRJLJZkv6icc2RhNv0c9pimxfOwIJpq5WxEZYo2JdRkVXAjB4svLpHFWDi7K5/eVUvUmiyMPR3AMpxDAJVThDmpQBwICnuEV3jztvXjv3se8NedlM4fwB97nDyD2j1Q=</latexit>

⇡ = 4p

 = 798,  = 1000<latexit sha1_base64="X5lxFar8DzLkQRp2O8nkiTl/QKA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+qZXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBjvI3i</latexit>ns
<latexit sha1_base64="zrAoX5WZl/tVsNb6yPWAMQONjzc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVZa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB2lGM/A==</latexit>n
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1. Means of Sample                             :  
        Normal Confidence Interval 

2. Success Rate    :              
                                                           Binomial Proportion Confidence Interval 

Takeaway
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Example 3’: You toss marbles into a cup. Out of 
100 marbles, 52 land inside the cup. Compute a 
99.7% confidence interval for the success 
probability. 
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2. Compute the standard deviation 
<latexit sha1_base64="yuRpJBzXmIYZ7tquwulkjx4Y+VU="></latexit>

s =
p

bp(1� bp)/n =

r
0.52(1� 0.52)

100
= 0.05

3.The 99.7% confidence interval for success probability is

1. Compute the point estimate
<latexit sha1_base64="WfTKVzmMcYMC8Y6snZUcudV3El0=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEFCUVBRakChbGItGH1FSV4zitVceJbAdURdlZ+BUWBhBi5QfY+BucNgO0HOlKx+fcK997vJhRqWz72yitrK6tb5Q3K1vbO7t75v5BR0aJwKSNIxaJnockYZSTtqKKkV4sCAo9Rrre5Dr3u/dESBrxOzWNySBEI04DipHS0tCsug/UJ2Ok0jiDl9ANBMIpH8os5fnbthr1oVmzLXsGuEycgtRAgdbQ/HL9CCch4QozJGXfsWM1SJFQFDOSVdxEkhjhCRqRvqYchUQO0tktGTzWig+DSOjiCs7U3xMpCqWchp7uDJEay0UvF//z+okKLgYp5XGiCMfzj4KEQRXBPBjoU0GwYlNNEBZU7wrxGOk4lI6vokNwFk9eJp265ZxZjdvTWvOqiKMMjkAVnAAHnIMmuAEt0AYYPIJn8ArejCfjxXg3PuatJaOYOQR/YHz+AHnHmgg=</latexit>

bp =
ns

n
= 0.52

<latexit sha1_base64="o9QKHsxAdyPfsPHi9qis/vQxr7M=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARWqwhsdq6EYpuXFawF2hDmUwm7dDJhZmJUkIfxI2v4saFIm5cCL6N0zaLWv1h4Oc753Dm/E7EqJCm+a1llpZXVtey67mNza3tHX13rynCmGPSwCELedtBgjAakIakkpF2xAnyHUZazvB6Um/dEy5oGNzJUURsH/UD6lGMpEI9vVzoPlCXDJBMojE8gWVRgvPkWJEivIQF0yhXS9A0KtViT8+bhjkV/Gus1ORBqnpP/+y6IY59EkjMkBAdy4yknSAuKWZknOvGgkQID1GfdJQNkE+EnUyPG8MjRVzohVy9QMIpnZ9IkC/EyHdUp4/kQCzWJvC/WieW3oWd0CCKJQnwbJEXMyhDOEkKupQTLNlIGYQ5VX+FeIA4wlLlmVMhWIsn/zXNU8OqGOe3Z/naVRpHFhyAQ1AAFqiCGrgBddAAGDyCZ/AK3rQn7UV71z5mrRktndkHv6R9/QDxB511</latexit>

(bp� 3s, bp+ 3s) = (0.37, 0.67)

100 marbles total, 52 land in the cup 3-sigma rule



Statistical Bias
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Common sampling bias 

When a sample does not have the same 
characteristics as the population, we say this is a 
biased sample.
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Common sampling bias 

When a sample does not have the same 
characteristics as the population, we say this is a 
biased sample.

Example: poll by the magazine “The Literary 
Digest” for the 1936 presidential election. 
Prediction: Alf Landon beats Franklin D 
Roosevelt by 57% to 43%. 
Result: Roosevelt beats Landon by 62% to 
38% 
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What went wrong in the 1936 poll?

Prediction: Alf Landon beats Franklin D Roosevelt 
by 57% to 43%. 
Result: Roosevelt beats Landon by 62% to 38% 

Questionnaires were sent out using lists of phone 
numbers, drivers' registrations, and country club 
memberships. 24% of those polled responded. 

What went wrong?
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What went wrong in the 1936 poll?

Questionnaires were sent out using lists of phone 
numbers, drivers' registrations, and country club 
memberships. 24% of those polled responded. 

- The people polled were wealthy and the election 
was at the height of the Great Depression 

- A large fraction of polled did not respond. 
Typically, those with strong feelings respond 

- … 
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What went wrong in the 1936 poll?

Questionnaires were sent out using lists of phone 
numbers, drivers' registrations, and country club 
memberships. 24% of those polled responded. 

- The people polled were wealthy and the election 
was at the height of the Great Depression 

- A large fraction of polled did not respond. 
Typically, those with strong feelings respond 

- … 
Note that the poll was enormous (10 million 
questionnaires!), but bias still made the result 
useless!
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Common sampling bias 

When a sample does not have the same 
characteristics as the population, we say this is a 
biased sample.

We will talk about four kinds of bias: 
1. Survival bias 
2. Self-selection bias 
3. Confirmation bias 
4. Undercoverage bias
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Common sampling bias 

When a sample does not have the same 
characteristics as the population, we say this is a 
biased sample.

Survival bias: only the portion of the population 
that has survived some process can be sampled

Example 1: In scientific journals, there is strong 
publication bias towards positive results. 
Successful research outcomes are published far 
more often than null findings.



Example 2: During World War II, 
the statistician  Abraham Wald 
examined the damage done to 
aircrafts that had returned from 
missions. The US mi l i tary 
previously concluded that 
the  most-hit  areas of the plane 
needed additional armor. 

https://en.wikipedia.org/wiki/Abraham_Wald


Example 2: During World War II, 
the statistician  Abraham Wald 
examined the damage done to 
aircrafts that had returned from 
missions. The US mi l i tary 
previously concluded that 
the  most-hit  areas of the plane 
needed additional armor. Wald 
instead recommended adding 
armor to the areas that showed 
the least damage. 

https://en.wikipedia.org/wiki/Abraham_Wald
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Self-selection bias: People with specific 
characteristics are more likely to agree to take 
part in a study than others. This often leads to 
a polarization of responses with extreme 
perspectives being given a disproportionate 
weight in the summary.

Example: people who have strong opinions or 
substantial knowledge may be more willing to 
spend time answering a survey than those 
who do not.



Confirmation bias: People display this bias when 
they select information that supports their views.

Example 1: In social media, personalized search 
displays to individuals only information they are 
likely to agree with, while excluding opposing 
views.

Example 2: The decision made by a doctor may 
be strongly influenced by the disorders described 
in a recently-read paper, without considering 
multiple possibilities based on evidence.



Undercoverage bias: Some members of a population 
are inadequately represented in the sample.

Example 1: Administering general national surveys 
online may miss groups with limited internet access, 
such as the elderly and lower-income households.

Example 2: Researchers want to know what citizens 
in a particular city think of a new traffic law so they 
give out a questionnaire to people that walk by at a 
local mall.



Statistical Paradoxes
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“There are three kinds of lies: 
lies, damned lies, and statistics.” 
                     -Mark Twain, 1907



Simpson’s paradox

Time spent practicing a given piece
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Does practice make perfect for musical instruments?
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Simpson’s paradox

A trend appears in several different groups of data 
but disappears or reverses when these groups are 
combined.

Time spent practicing a given piece
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Simpson’s paradox

The skill level is a “hidden variable” that reverses 
the conclusion unless it is taken into account!

Time spent practicing a given piece
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Example 1: Kidney stone treatment

The kidney stone size is a hidden variable!



Simpson’s paradox arises because: 
1. The severity of the the condition (small or large stone) 

has stronger impact on the outcome than the treatment 
2. The groups are lopsided in size



Example 2: University admission

Math Chemistry Total

admit denied admit denied admit denied

Males 90 10 90% 1 9 10% 91 19 83%

Females 9 1 90% 10 90 10% 19 91 17%

Lawsuit against UC Berkeley in 1973



Example 2: University admission

Math Chemistry Total

admit denied admit denied admit denied

Males 90 10 90% 1 9 10% 91 19 83%

Females 9 1 90% 10 90 10% 19 91 17%

Major is a “hidden variable”!



Example 2: University admission

Math Chemistry Total

admit denied admit denied admit denied

Males 90 10 90% 1 9 10% 91 19 83%

Females 9 1 90% 10 90 10% 19 91 17%

Major is a “hidden variable”!



Example 2: University admission

Math Chemistry Total

admit denied admit denied admit denied

Males 90 10 90% 1 9 10% 91 19 83%

Females 9 1 90% 10 90 10% 19 91 17%

Appearance of bias where there is none since more 
females applied to the harder major



Math Chemistry Total

admit denied admit denied admit denied

Males 20 5 80% 40 55 42% 60 60 50%

Females 50 20 71% 10 40 20% 60 60 50%

In this example, Simpson’s paradox has 
masked the existence of bias



Base Rate Fallacy

If presented with related base rate  information (i.e., 
general information on prevalence) and specific 
information (i.e., information pertaining only to a 
specific case), people tend to ignore the base rate 
in favor of the individuating information, rather than 
correctly integrating the two.

Example 1: When we hear that someone loves 
music, we might think it’s more likely that the person 
is a professional musician than an accountant.



Base rate fallacy

Example 1: When we hear that someone loves 
music, we might think it’s more likely that the person 
is a professional musician than an accountant.

P(loves music | musician) > P(loves music | accountant)

P(musician | loves music) vs P(accountant | loves music)

Makes sense to assume:

But not enough information to determine

It depends on how many accountants there are vs musicians



Example 2: 
In a city, 85% of cabs are blue and the rest are 
green. One night, a cab is involved in a hit and run 
accident. A witness claims the cab was green, 
however later tests show that they only correctly 
identify the color of the cab at night 80% of the 
time. When asked what the probability is that the 
cab involved in the hit and run was green, people 
tend to answer that it is 80%.



Example 2: 
In a city, 100% of cabs are blue and the 0% are 
green. One night, a cab is involved in a hit and run 
accident. A witness claims the cab was green, 
however later tests show that they only correctly 
identify the color of the cab at night 80% of the 
time. When asked what the probability is that the 
cab involved in the hit and run was green, people 
tend to answer that it is 80%.



Example 2: 
In a city, 0% of cabs are blue and the 100% are 
green. One night, a cab is involved in a hit and run 
accident. A witness claims the cab was green, 
however later tests show that they only correctly 
identify the color of the cab at night 80% of the 
time. When asked what the probability is that the 
cab involved in the hit and run was green, people 
tend to answer that it is 80%.



Example 2: 
Compute P(it is green | identified green) using 
Bayes’ rule!

Know P(green) = 0.15 
P(identified green | it is green) = 0.8 
P(identified green | it is blue) = 0.2



Example 3: 
A test on an infectious disease has 100% 
sensitivity and 95% specificity. The  expected 
outcome of the 1,000 tests on population A, which 
has an infection rate of 40%, would be

Sensitivity = probability that test shows positive given that you are infected 
Specificity = probability that test shows negative given that you are not infected

More true positives 
than false positives



Now consider the same test applied to population B, 
in which only 2% is infected. The expected outcome 
of 1000 tests on population B would be:

A tester with experience of group A might find it a paradox 
that in group  B, a result that had usually correctly 
indicated infection is now usually a false positive.

More false positives 
than true positives

https://en.wikipedia.org/wiki/Expected_value#Examples
https://en.wikipedia.org/wiki/False_positive


Hypothesis testing



Hypothesis testing

Consider the following example: 
48 bank supervisors (all male) were given the same 
personnel file and asked whether the person should 
be promoted or not. The files are identical, except 
that 24 of the files were assigned to belong to male 
employees and 24 to females. Of the 48 files, 35 
were promoted, 21 of which belonged to males and 
the rest belonged to females. 



So there is a 30% difference between men and 
women promoted. Could this have been due to 
chance?

The percentage of men promoted

The percentage of women promoted



We will define a null hypothesis which says that 
nothing is going on, and this difference is merely due 
to chance. 

Then we will introduce an alternative hypothesis 
which says that something is going on, that 
discrimination is actually happening, and that the 
difference could not have occurred due to chance.

The null hypothesis is the status quo. We will stick to 
it unless we have evidence to favor the alternative 
hypothesis.



We conduct this simulation 100 times, and each time 
we record the % difference between males and females 
promoted.

Simulation: out of the 48 candidates (male and female), 
randomly draw 35 to get promoted.



The probability to obtain a 30% or larger difference in 
promotion rates = 1%.



Since there is only 1% chance the results could have 
occurred by chance, we can reject the null hypothesis 
in favor of the alternative hypothesis, and we 
conclude that indeed there is gender discrimination.

If the test results do not provide convincing evidence 
for the alternative hypothesis, we stick with the null 
hypothesis. 

If there is enough evidence, we reject the null 
hypothesis in favor of the alternative hypothesis



Terminology:

     : null hypothesis that there is no discrimination, 
i.e. each person is equally likely to get promoted. 

     : alternative hypothesis, i.e., there is some sort of 
discrimination 

  -value: probability of obtaining results that are at least as 
extreme as the observed results, if the null hypothesis were 
correct, i.e.,  

<latexit sha1_base64="pVq+6uqH8Mu831vrn0StxNYoUdU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aLSgoajqprsrSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuTaiFg94CThfkSHSoSCUbTSfb3v9ssVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJ jk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5l9eLuvFK7yeMowhEcwyl4cAU1qEMDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xvEPY15</latexit>

H0

<latexit sha1_base64="a6j6uwjKEM9hPHy8ula7v+lZThY=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPqhSNGeSSwIbNDAxNmZzczsyZkwyd48aAxXv0ib/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0N/WbT6g0j+SjGcfoh3QgeZ8zaqz0UO3edIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhj OBk0In0RhTNqIDbFsqaYjaT2enTsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+td+ymWcGJRsvqifCGIiMv2b9LhCZsTYEsoUt7cSNqSKMmPTKdgQvMWXl0njrOxdli/uz0uV2yyOPBzBMZyCB1dQgSrUoA4MBvAMr/DmCOfFeXc+5q05J5s5hD9wPn8A3gGNig==</latexit>

HA

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcF LsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="X4dwwbe9zKWmbBS4yy6xFIT1zc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxonlAsoTZyWwyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYkUBl33yyksLa+srhXXSxubW9s75d29polTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrBxwn3I/oQIlQMIpWuk/IVa9ccavuDOQv8XJSgRz1Xvmz249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkyCp9EsbalkIyU39OZDQyZhwFtjOiODSL3lT8z+ukGF76mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLf0nzpOqdV8/uTiu16zyOIhzAIRyDBxdQg1uoQwMYDOAJXuDVkc6z8+a8z1sLTj6zD7/gfHwDtSaNbw==</latexit>p =
<latexit sha1_base64="2UQCo68N1jFbTi6osf4i7aRo4Hc=">AAACHnicbVDLSgMxFM34tr6qLt0Ei6CbMqNWXRbduKxgVeiUcie9o8HMg+SOtIz9Ejf+ihsXigiu9G9MHwutHgg5nHMvyTlBqqQh1/1yJianpmdm5+YLC4tLyyvF1bULk2RaYF0kKtFXARhUMsY6SVJ4lWqEKFB4Gdye9P3LO9RGJvE5dVNsRnAdy1AKICu1ipXatk/YobwtwxA1xgI5EFcIhvie62/1+D0/bbk73Ic01UmHu2XXaxVL9hqA/yXeiJTYCLVW8cNvJyKLMCahwJiG56bUzEGTFAp7BT8zmIK4hWtsWBpDhKaZD+L1+JZV2jxMtD0x8YH6cyOHyJhuFNjJCOjGjHt98T+vkVF41MxlnGZkgw8fCjPFKeH9rnhbahSkupaA0NL+lYsb0CDINlqwJXjjkf+Si92yd1CunO2XqsejOubYBttk28xjh6zKTlmN1ZlgD+yJvbBX59F5dt6c9+HohDPaWWe/4Hx+A6etoEY=</latexit>

P (di↵erence at least 30%|H0) ⇡ 0.01



What value of the    - value is significant?<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

This is a value judgement and differs between 
fields, depending on how serious it would be 
to draw the wrong conclusion

<latexit sha1_base64="cls0GPrDRpWiaPqW5/eg/kpHkag=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVq16EohePFewHtEvJpmkbms2uyaxQlv4JLx4U8erf8ea/MW33oK0PQh7vzTAzL4ilMOi6305uZXVtfSO/Wdja3tndK+4fNEyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go9up33zi2ohIPeA45n5IB0r0BaNopVZMrolbdivdYsl+M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9n+07IiVV6pB9p+xSSmfq7I6WhMeMwsJUhxaFZ9Kbif147wf6VnwoVJ8gVmw/qJ5JgRKbHk57QnKEcW0KZFnZXwoZUU4Y2ooINwVs8eZk0zsreRblyf16q3mRx5OEIjuEUPLiEKtxBDerAQMIzvMKb8+i8OO/Ox7w052Q9h/AHzucPy4mOhA==</latexit>

p = 0.05
<latexit sha1_base64="avWzsmnH3Rgr0lO0IjwYxhUC550=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRGCXjxGMA9IljA76U2GzM6uM7NCWPITXjwo4tXf8ebfOEn2oIkFwxRV3XR3BYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3k785hMqzWP5YEYJ+hHtSx5yRo2VWgm5Jm7F9bqlsv2mIIvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nAcbGTakwoG9I+ti2VNELtZ9N9x+TYKj0Sxso+achU/d2R0UjrURTYyoiagZ73JuJ/Xjs14ZWfcZmkBiWbDQpTQUxMJseTHlfIjBhZQpnidlfCBlRRZmxERRuCN3/yImmcVryLyvn9Wbl6k8dRgEM4ghPw4BKqcAc1qAMDAc/wCm/Oo/PivDsfs9IlJ+85gD9wPn8AxXmOgA==</latexit>

p = 0.01
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p = 0.0000003 was used when discovering the Higgs boson               

or                is common in biomedical research
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This is a value judgement and differs between 
fields, depending on how serious it would be 
to draw the wrong conclusion
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p = 0.05
<latexit sha1_base64="avWzsmnH3Rgr0lO0IjwYxhUC550=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRGCXjxGMA9IljA76U2GzM6uM7NCWPITXjwo4tXf8ebfOEn2oIkFwxRV3XR3BYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3k785hMqzWP5YEYJ+hHtSx5yRo2VWgm5Jm7F9bqlsv2mIIvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nAcbGTakwoG9I+ti2VNELtZ9N9x+TYKj0Sxso+achU/d2R0UjrURTYyoiagZ73JuJ/Xjs14ZWfcZmkBiWbDQpTQUxMJseTHlfIjBhZQpnidlfCBlRRZmxERRuCN3/yImmcVryLyvn9Wbl6k8dRgEM4ghPw4BKqcAc1qAMDAc/wCm/Oo/PivDsfs9IlJ+85gD9wPn8AxXmOgA==</latexit>

p = 0.01

<latexit sha1_base64="/EJuM5LtC7qTPRTKPTnaNwBI5YE=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCoz3jdC0Y3LCvYC7VAyaaYNTTJjkimUoc/hxoUibn0Yd76NaTuCtv4Q+PjPOZyTP4g508Z1v5zc0vLK6lp+vbCxubW9U9zdq+soUYTWSMQj1QywppxJWjPMcNqMFcUi4LQRDG4n9caQKs0i+WBGMfUF7kkWMoKNtfwYXSO37E512imWfhgtgpdBCTJVO8XPdjciiaDSEI61bnlubP wUK8MIp+NCO9E0xmSAe7RlUWJBtZ9Ojx6jI+t0URgp+6RBU/f3RIqF1iMR2E6BTV/P1ybmf7VWYsIrP2UyTgyVZLYoTDgyEZokgLpMUWL4yAImitlbEeljhYmxORVsCN78lxehflL2Lsrn92elyk0WRx4O4BCOwYNLqMAdVKEGBB7hCV7g1Rk6z86b8z5rzTnZzD78kfPxDfdkj6Q=</latexit>

p = 0.0000003 was used when discovering the Higgs boson               

or                is common in biomedical research

<latexit sha1_base64="Oa7LTD6kw88FDlRE4yKYM/cPCsk="></latexit>

H0 is true H0 is false
Do not reject H0 Correct inference Type II error

Reject H0 Type I error Correct inference



Example 2: 
Tom has two roommates: Ryan and Hugo. Every week, 
Tom draws a name out of a bucket to randomly select 
the roommates to take the trash out that week. Hugo 
suspects that Tom is cheating, so he starts keeping 
track of the draws, and he finds that out of 12 draws,  
Tom didn’t get picked even once!

Tom is not cheating so each roommate gets 
picked 1/3 of the time 
Tom is cheating



P(Tom not picked in a given draw |     ) 

P(Tom not picked in 12 consecutive draws |     ) 

<latexit sha1_base64="pVq+6uqH8Mu831vrn0StxNYoUdU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aLSgoajqprsrSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuTaiFg94CThfkSHSoSCUbTSfb3v9ssVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5l9eLuvFK7yeMowhEcwyl4cAU1qEMDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xvEPY15</latexit>

H0

<latexit sha1_base64="pVq+6uqH8Mu831vrn0StxNYoUdU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aLSgoajqprsrSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuTaiFg94CThfkSHSoSCUbTSfb3v9ssVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5l9eLuvFK7yeMowhEcwyl4cAU1qEMDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xvEPY15</latexit>

H0

<latexit sha1_base64="uVPdZZBwBzSMHOj6oIh1sRTXb9Y="></latexit>

p = P (Tom not picked in at least 12 draws|H0)

= P (Tom not picked in 12 draws|H0) ⇡ 0.008



P(Tom not picked in a given draw |     ) 

P(Tom not picked in 12 consecutive draws |     ) 

<latexit sha1_base64="pVq+6uqH8Mu831vrn0StxNYoUdU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aLSgoajqprsrSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuTaiFg94CThfkSHSoSCUbTSfb3v9ssVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5l9eLuvFK7yeMowhEcwyl4cAU1qEMDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xvEPY15</latexit>

H0

<latexit sha1_base64="pVq+6uqH8Mu831vrn0StxNYoUdU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aLSgoajqprsrSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuTaiFg94CThfkSHSoSCUbTSfb3v9ssVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5l9eLuvFK7yeMowhEcwyl4cAU1qEMDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xvEPY15</latexit>

H0

<latexit sha1_base64="uVPdZZBwBzSMHOj6oIh1sRTXb9Y="></latexit>

p = P (Tom not picked in at least 12 draws|H0)

= P (Tom not picked in 12 draws|H0) ⇡ 0.008



P(Tom not picked in a given draw |     ) 

P(Tom not picked in 12 consecutive draws |     ) 

<latexit sha1_base64="pVq+6uqH8Mu831vrn0StxNYoUdU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aLSgoajqprsrSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuTaiFg94CThfkSHSoSCUbTSfb3v9ssVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5l9eLuvFK7yeMowhEcwyl4cAU1qEMDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xvEPY15</latexit>

H0

<latexit sha1_base64="pVq+6uqH8Mu831vrn0StxNYoUdU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aLSgoajqprsrSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuTaiFg94CThfkSHSoSCUbTSfb3v9ssVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5l9eLuvFK7yeMowhEcwyl4cAU1qEMDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xvEPY15</latexit>

H0

<latexit sha1_base64="uVPdZZBwBzSMHOj6oIh1sRTXb9Y="></latexit>

p = P (Tom not picked in at least 12 draws|H0)

= P (Tom not picked in 12 draws|H0) ⇡ 0.008



P(Tom not picked in a given draw |     ) 

P(Tom not picked in 12 consecutive draws |     ) 

<latexit sha1_base64="pVq+6uqH8Mu831vrn0StxNYoUdU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aLSgoajqprsrSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuTaiFg94CThfkSHSoSCUbTSfb3v9ssVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5l9eLuvFK7yeMowhEcwyl4cAU1qEMDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xvEPY15</latexit>

H0

<latexit sha1_base64="pVq+6uqH8Mu831vrn0StxNYoUdU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aLSgoajqprsrSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuTaiFg94CThfkSHSoSCUbTSfb3v9ssVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5l9eLuvFK7yeMowhEcwyl4cAU1qEMDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xvEPY15</latexit>

H0

<latexit sha1_base64="uVPdZZBwBzSMHOj6oIh1sRTXb9Y="></latexit>

p = P (Tom not picked in at least 12 draws|H0)

= P (Tom not picked in 12 draws|H0) ⇡ 0.008



P(Tom not picked in a given draw |     ) 

P(Tom not picked in 12 consecutive draws |     ) 

<latexit sha1_base64="pVq+6uqH8Mu831vrn0StxNYoUdU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aLSgoajqprsrSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuTaiFg94CThfkSHSoSCUbTSfb3v9ssVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5l9eLuvFK7yeMowhEcwyl4cAU1qEMDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xvEPY15</latexit>

H0

<latexit sha1_base64="pVq+6uqH8Mu831vrn0StxNYoUdU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQS44RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aLSgoajqprsrSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuTaiFg94CThfkSHSoSCUbTSfb3v9ssVt+rOQf4SLycVyNHolz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb/8l7TOqt5l9eLuvFK7yeMowhEcwyl4cAU1qEMDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xvEPY15</latexit>

H0

<latexit sha1_base64="uVPdZZBwBzSMHOj6oIh1sRTXb9Y="></latexit>

p = P (Tom not picked in at least 12 draws|H0)

= P (Tom not picked in 12 draws|H0) ⇡ 0.008

because there were 12 draws in total



What value of the    - value is significant?<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

This is a value judgement and differs between 
fields, depending on how serious it would be 
to draw the wrong conclusion

<latexit sha1_base64="cls0GPrDRpWiaPqW5/eg/kpHkag=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVq16EohePFewHtEvJpmkbms2uyaxQlv4JLx4U8erf8ea/MW33oK0PQh7vzTAzL4ilMOi6305uZXVtfSO/Wdja3tndK+4fNEyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go9up33zi2ohIPeA45n5IB0r0BaNopVZMrolbdivdYsl+M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9n+07IiVV6pB9p+xSSmfq7I6WhMeMwsJUhxaFZ9Kbif147wf6VnwoVJ8gVmw/qJ5JgRKbHk57QnKEcW0KZFnZXwoZUU4Y2ooINwVs8eZk0zsreRblyf16q3mRx5OEIjuEUPLiEKtxBDerAQMIzvMKb8+i8OO/Ox7w052Q9h/AHzucPy4mOhA==</latexit>

p = 0.05
<latexit sha1_base64="avWzsmnH3Rgr0lO0IjwYxhUC550=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRGCXjxGMA9IljA76U2GzM6uM7NCWPITXjwo4tXf8ebfOEn2oIkFwxRV3XR3BYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3k785hMqzWP5YEYJ+hHtSx5yRo2VWgm5Jm7F9bqlsv2mIIvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nAcbGTakwoG9I+ti2VNELtZ9N9x+TYKj0Sxso+achU/d2R0UjrURTYyoiagZ73JuJ/Xjs14ZWfcZmkBiWbDQpTQUxMJseTHlfIjBhZQpnidlfCBlRRZmxERRuCN3/yImmcVryLyvn9Wbl6k8dRgEM4ghPw4BKqcAc1qAMDAc/wCm/Oo/PivDsfs9IlJ+85gD9wPn8AxXmOgA==</latexit>

p = 0.01

<latexit sha1_base64="/EJuM5LtC7qTPRTKPTnaNwBI5YE=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCoz3jdC0Y3LCvYC7VAyaaYNTTJjkimUoc/hxoUibn0Yd76NaTuCtv4Q+PjPOZyTP4g508Z1v5zc0vLK6lp+vbCxubW9U9zdq+soUYTWSMQj1QywppxJWjPMcNqMFcUi4LQRDG4n9caQKs0i+WBGMfUF7kkWMoKNtfwYXSO37E512imWfhgtgpdBCTJVO8XPdjciiaDSEI61bnlubP wUK8MIp+NCO9E0xmSAe7RlUWJBtZ9Ojx6jI+t0URgp+6RBU/f3RIqF1iMR2E6BTV/P1ybmf7VWYsIrP2UyTgyVZLYoTDgyEZokgLpMUWL4yAImitlbEeljhYmxORVsCN78lxehflL2Lsrn92elyk0WRx4O4BCOwYNLqMAdVKEGBB7hCV7g1Rk6z86b8z5rzTnZzD78kfPxDfdkj6Q=</latexit>

p = 0.0000003 was used when discovering the Higgs boson               

or                is common in biomedical research

<latexit sha1_base64="Oa7LTD6kw88FDlRE4yKYM/cPCsk="></latexit>

H0 is true H0 is false
Do not reject H0 Correct inference Type II error

Reject H0 Type I error Correct inference

Do not reject  Accept!!!≠



Drawbacks of the Framework of Hypothesis Testing

• More inclined towards not rejecting the null hypothesis 

• The result depends on the choice of null hypothesis


