Good Morning! First of all, these bad jokes are available on the web at
http://home.earthlink.net/~markharbison/harbisonweb/humor/

along with other resources for algebra and statistics students.
Or, my web page is the first one to come up under a “Google” search for “Mark Harbison”.

Now, let’s discuss the 4-step procedure to do a hypothesis test:
* step 1. translate the problem from words into symbols (H, & Hy)
* step 2: find the “axis #” (test statistic z or t or x2 or F)

* step 3: find the “tail area” (pvalue normalcdf... or tcdf... or xzcdf. .. or Fcdf..))
* step 4: translate the result back into non-technical terms of the original problem.

I claim that statistics students’ exam scores will increase significantly if questions on hypothesis tests
are worded “nicely” to reflect the definition:

o = Prob( we conclude that the Null Hypothesis is false, when H,, is true in reality )

This definition requires that we assume that H,, is true. Therefore, a null hypothesis
will ALWAYS use “=", never any other symbol.

The alternate hypothesis must be the opposite of “=". ( Let’s call it H; instead of H, ).
There are 3 types of opposites:

* if a keyword in the problem is like “greater” or “more”, then use “>” (right-tailed)
* if a keyword is like “less” or “fewer” or “poorer”, then use “<” (left-tailed)
* if there is no such 1-tail type of keyword given

or if the keyword is “different” or “equal” or “same”, thenuse ~ “#” (2-tailed).

These 3 signs are the ONLY possible symbols allowed in H; since “=” was already used in H, .

Finally for step 1, use the specific # used in a claim for the population—not the same # as given in
the sentence with the word “sample” or “survey”. Save all sample #s for step 2.

For step 2, most students are OK choosing the right “axis #” formula. However,
the average student does need extra practice getting parentheses in the right place for calculations.
For example, the key sequence 8 -3/7/v30 will not be the same as (8 -3 )/ (7/V30).

On step 3, pvalues must be found either with a calculator or with alternate tables.
Traditional tables (e.g. t-table) include only famous areas like .01 or .05 .
But an alternate table can include other important areas like .0483 and .0496 .
Instead of basing a conclusion on a wide range of values,
the exact pvalue can give power to the reader to decide whether or not the result is significant.

Since most textbooks do not yet include alternate tables, then appropriate technology should be
made available to students. For example, on the TI-83 Stat TESTS menu, one button will calculate
steps 2 & 3 all at once.
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Once an exact pvalue has been found, then we are ready for step 4:

o if pvalue = .10 then word the conclusion: “There is no evidence ... (of a ‘difference’.. )’

e if .05 <pvalue <.10 then word the conclusion: “There is moderate evidence ... (of a “diff*...)”
* if .01 < pvalue <.05 then word the conclusion: “There is strong evidence ... (of a “diff’...)”
e if pvalue <.01 then word the conclusion: “There is very strong evidence ... (of a ‘diff’...)”.

The word “difference’ is good if H; used “#”.

Otherwise, use the SAME 1-tail type word as already used (e.g. “more”, “fewer”, “better”, “worse”).
Fill in the blanks with the same specific situation (e.g. $, gallons, inches) as were given in the original
problem. Use the same population # as used in step 1 but do not use any sample #s.

(In most of mathematics, it is easier to find one counter-example to prove that something is false
than to prove that something is true for many cases. And so it goes with hypothesis testing, also.
We can gather evidence to show that a population parameter does NOT equal a given #, but we can not prove
that the parameter does equal the given # since we only have sample data, not data for the entire population.
Thus, never use the words “does equal” in step 4. )

A major objective of most course outlines is that students learn to “communicate their results”.
This means writing non-technical conclusions that the “man on the street” can understand.
Itis NOT necessary for any part of a conclusion to use the word “claim” or “accept” or “reject” or

“hypothesis”. Textbooks tend to use those words because it is quicker to write “reject H,” thanto say

(for example) “there is strong evidence to conclude that the mean amount students spend per week for
fast food is significantly more than $20 now” (if step 1 was u >20 ).

The following are some sample problems quoted from various current textbooks.

(from Moore’s “Basic Practice of Statistics, p. 330)

The NCHS reports that the mean systolic blood pressure for males 35 — 44 years of age is 128 and the standard
deviation in this population is 15. The medical director of a large company looks at the medical records of 72
executives in this age group and finds that the mean systolic blood pressure in this sample is X = 126.07 . Is this
evidence that the company’s executives have a different mean blood pressure from the general population?

stepl Hy =128 & Hjy: p#128

stetp2 z=-1.09 by Stat TESTS #1 ZTest...

step3 pvalue =2(0.1379) =0.2758 >0.10 or directly with ZTest (do not mult. by 2)
step4 There is no evidence that the mean systolic blood pressure

of their executives is significantly different than 128 mm/Hg.

(from Triola’s “Elementary Statistics”, p. 385)

...the volumes (in ounces) of the Coke in a sample of 36 different cans... n=36,% =12.19 0z, s =0.11 oz.
Upon seeing these statistics, a line manager claims that the mean amount of Coke is greater than 12 oz, causing
lower profits. Using a 0.05 significance level, test the manager’s claim that the mean is greater than 12 oz.

stepl Hy: p=12 & Hyp: p>12

step2 z=1036 by Stat TESTS #1 ZTest...

step3 pvalue =0.0001 by printed table or 2nd DISTR #2 normalcdf(10.36, 1000) = 1.9 x 10%
step4 There is very very strong evidence that the mean amount of Coke is greater than 12 oz

since pvalue <0.01  (ignore a =0.05).
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(from Mendenhall/Beaver/Beaver’s “Brief Introduction to Probability and Statistics”, p. 389)
...One manufacturer claims that a gallon of its paint will cover 400 square feet of surface area.
To test this claim, a random sample of ten 1-gallon cans of paint were used... [ to get ]

310 311 412 368 447 376 303 410 365 350 [square feet].

Do the data represent sufficient evidence to indicate that the average coverage differs from 400 7

stepl Hy p=400 & Hjp: u=400
step2 t=-2.27 by Stat TESTS #2 TTest... (‘Data’ option recommended)
step3 pvalue =2(0.0235) = 0.0470 by an “alt. T table” or directly with TTest (do not mult. by 2)

or 2nd DISTR #5 2(tcdf(pos. 2.27, 1000, 9)) = 2(0.0247) = 0.0494
step4 There is strong evidence that the average coverage does differ from 400 square feet
since 0.01 <0.0494 <0.05.

(from Bluman’s “Elementary Statistics”, p. 440) .

A dietician wishes to see if a person’s cholesterol level will decrease if the diet is supplemented by a certain
mineral. Six subjects were pretested and then took the mineral supplement for a six-week period

[and then retested]... Can it be concluded that the cholesterol level has been lowered at o = 0.107?

Assume that the variable is normally distributed.

step O use the raw data (not shown here) to find the list of “before—after” Differences {20, 65,-2,2, -1, 16}
stepl Hy: pg=0 & Hjy: py>0 [ (a big ‘before’ #) minus (a small ‘after’ #) is positive ]
step2 t=1.61 by Stat TESTS #2 TTest... (‘Data’ option recommended)

step3 pvalue =0.0852 by an “alt. T table” or 2nd DISTR #5 tcdf(1.61, 1000, 5) = 0.0840
step4 There is moderate evidence that the mean cholesterol level did decrease

after taking the mineral supplement since 0.05 <0.0852 <0.10.

(from Freund’s “Modern Elementary Statistics”, p. 318)

A random sample of 54 shirts worn by soldiers in a tropical climate has an average useful life of 63.9 washings
with a standard deviation of 4.5. Under non-tropical conditions, such shirts are known to have an average
useful life of 81.6 washings. Atthe 0.01 level of significance, can we conclude

that their use in a tropical climate reduces the average useful life of such shirts?

stepl H,: »=81.6 & Hj;: u <816

step2 t=-28.90 by Stat TESTS #2 TTest... (‘Stat’ option only)

step3 pvalue <0.0045 by an “alt. T table (use df =29)”  (Ttest gives only zero pvalue)
or 2nd DISTR #5 tcdf(pos. 28.9, 1000, 53) = 2.0 x 10°>*

step4 There is extremely tremendously humongously strong evidence that in a tropical climate,

the mean useful life of these shirts is significantly reduced from 81.6 washings.

(from Aliaga’s “Interactive Statistics”, p. 385)

In an experiment designed to test whether a subject has ESP (extrasensory perception), the subject is asked to
guess the suit of each card drawn (spades, hearts, diamonds and clubs, in equal numbers, with replacement).
If the subject gets 35 correct guesses out of 96 tries, then can we conclude this is higher than expected?

stetpl Hy: p=1/4=025 & Hj;: p>025 [ note: 'I\’ = 35/96 = 0.364583 ]

step2 z=2.59 by Stat TESTS #5 1-PropZTest...

step3 pvalue =0.0048 by a printed table or 2nd DISTR #2 normalcdf(2.59, 1000)

step4 There is very strong evidence that the subject has a higher than expected proportion of correct guesses.

(But also be suspicious of lurking variables before concluding this a “proof” of ESP).
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15 0772 15 0760 14 0888 14 0881 15 0736 1.5 0731 1.5 0726 15 0722
16 0652 16 0640 15 0750 15 0743 16 0616 16 0611 16 0606 1.6 0602
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24 0149 24 0141 23 20165 23 0159 24 0124 24 0121 24 0118 24 0115
25 0123 25 o115 24 0134 24 0129 25 0100 25 0097 25 0094 - 25 0092 -
26 0101 . 26 0093 25 0109 25 0104 26 0080 26 0077 26 0075 26 0073
21 0082 27 0076 26 0088 26 0084 27 0064 27 0061 27 0059 . 27 0057
23 0067 28 0062 2.7 0071 27 0067 23 0051 2.8 .0049 28 0047 28 0045
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AL L Table [paseter 2]
df=1 df=2 df=3 df=4 df=5 df=6 df=7 df=8 df=9
Chi# Area  Chi2# Area Chi2# Area Chi2# Area Chiz# Area Chi2# Area Chi2# Area Chi2# Area Chi2# Area
0.001 9748 0.02 .9900 0.05 .9971 02 .9953 04 .9953 06 .9964 0.8 .9974 12 9966 1.6 .9963
0.002 .9643 004 9802 010 .9918 03 9898 0.6 .9880 0.8 .0921 1.0 9948 14 9942 18 9942
0003 .9563 006 .9704 015 9852 04 9825 0.8 .9770 1.0 9856 1.2 9909 16 .9909 20 .9915
0.004 9496 008 .9608 020 .9776 05 9735 1.0 .9626 12 9769 14 .9856 1.8 9865 22 .9879
0.005 9436 0.10 .9512 0.25 .9691 0.6 .9631 1.2 .9449 14 .9659 1.6 .9786 20 .9810 24 9835
0.006 .9383 0.12 .9418 0.30 .9600 0.7 .9513 14 .9243 16 .9526 1.8 .9701 22 9743 26 9781
0.007 9333 0.14 .9324 0.35 .9504 0.8 .9384 1.6 .9012 1.8 .9371 20 .9598 24 9662 28 9717
0.008 .9287 0.16 .9231 040 .9402 09 .9246 1.8 .8761 20 9197 22 9479 26 9569 3.0 .9643
0008 9244 018 9139 045 .9297 1.0 .9098 22 9004 24 9344 28 9463 32 9558
0.010 .9203  0.20 .9048 0.50 .9189 1.1 .8943 24 8795 26 .9194 3.0 9344 34 9463
0011 9165 022 8958 0.55 .9078 28 9029 32 9212 36 9357
0.012 9128 024 .8869 0.60 .8964 10.5 .1051 3.0 - .8850 34 9068 3.8 .9241
0.013 .9092 9.0 .1091 11.0 .0884 36 .8913 40 9114
0.014 .9058 75 1117 95 0907 115 .0741 42 8978
0.015 .9025 60 .1116 80 .0916 100 .0752 120 .0620
0016 8993 45 .1054 65 .0897 85 .0749 105 .0622 125 .0517
50 .0821 7.0 0719 9.0 .0611 11.0 .0514 13.0 .0430
25 1138 55 .0639 75 0576 95 .0497 115 0423 135 .0357
3.0 .0833 6.0 .0498 8.0 .0460 10.0 .0404 12.0 .0348 14.0 .0296 14 1223
35 .0614 6.5 .0388 85 .0367 105 .0328 125 .0285 145 .0245 12 .1006 13 .1118 15 .0909
40 .0455 70 0302 90 .0293 11.0 .0266 130 .0234 150 .0203 13 .0721 14 0818 16 .0669
45 0339 75 0235 95 0233 115 0215 135 .0191 155 .0167 14 0512 15  .0591 17 .0487
50 0253 80 .0183 100 .0186 120 .0174 140 0156 16.0 .0138 15 0360 16 .0424 18 0352
55 0190 85 .0143 105 0148 125 0140 145 .0127 165 .0113 16 .0251 17 .0301 19 0252
6.0 .0143 9.0 .01 11.0 .0117 13.0 .0113 15.0 .0104 17.0 .0093 17 .0174 18 .0212 20 0179
6.5 .0108 9.5 .0087 11.5 .0093 13.5 .0091 15.5 .0084 17.5 .0076 18 .0120 19 .0149 21 0127
7.0 .0082 10.0 .0067 12.0 .0074 14.0 .0073 16.0 .0068 18.0 .0062 19 .0082 20 .0103 22 .0089
75 0062 105 .0052 125 .0059 145 0059 165 .0056 185 .0051 20 .0056 21 .0071 23 0062
8.0 .0047 11.0 0041 130 .0046 150 .0047 17.0 .0045 19.0 .0042 21 .0038 22 0049 24 0043
df=10 df=11 df=12 df=13 df=14 df=15 df=16 df=17 df=18
Chi2# Area Chi2# Area Chi2# Area Chi2# Area Chi2# Area Chi2# Area Chi2# Area Chi2# Area Chi2# Area
20 9963 25 9958 30 9955 35 .9954 40 .9955 45 9956 50 9958 55 .9960 6.0 .9962
22 9946 3.0 9907 35 9909 40 .9912 45 - 9916 50 .9921 55 9927 60 9932 65 9037
24 9923 35 9823 40 9834 45 9846 50 9858 55 9870 6.0 .9881 65 .9891 7.0 .9901
26 .9893 40 .9699 45 9726 5.0 .9752 55 9776 6.0 .9797 65 .9817 7.0 .9835 7.5 9852
28 9857 45 9529 50 9580 55 9625 60 .9665 65 .9701 7.0 9733 75 9761 80 .9786
30 9814 50 9312 55 9392 60 9462 65 9523 70 9576 75 9624 80 9665 85 .9702
32 9763 55 9046 60 .9161 65 .9261 70 9347 75 9423 80 .9489 85 9547 9.0 9597
34 9704 6.0 .8734 6.5 .8888 7.0 .9022 75 9137 8.0 .9238 85 .9326 9.0 .9403 9.5 .9470
3.6 .9636 75 .8746 8.0 .8893 8.5 9022 9.0 9134 95 9233 10.0 .9319
3.8 9559 9.0 .8775 95 .8914 10.0 .9036 105 9144
40 .9473 10.5 .8813 110 .8944
42 9379
44 9275
46 9162
48 9041
50 .8912 25 1249
23 1137 24 11M4 26 .0998
15 .1321 18 1157 19 1231 21 .1016 22 1078 24 0895 25 0847 27 0790
16 .0996 17 1079 19 .0885 20 .0952 22 0786 23 .0841 25 0698 26 0745 28 .0621
17 0744 18 .0816 20 .0671 21 0729 23 .0603 24 0651 26 0540 27 .0581 29 0484
18  .0550 19  .0611 21 0504 22 0554 24 0458 25 .0499 27 .0415 28 .0449 30 .0374
19 .0403 20 .0453 22 0375 23 0417 25 .0346 26 .0380 28 .0316 29 .0345 31 0288
20 .0293 21 0334 23 0217 24 0311 26 .0259 27 0287 29 0239 30 .0263 32 .0220 -
21 0211 22 0244 24 0203 25 0231 27 0193 28 .0216 30 .0180 31 .0200 33  .0167
22 0151 23 0177 25 0148 26 .0170 28 .0142 29 .0161 31 .0135 32 .0150 34 .0126
23 0107 24 0127 26 .0107 27 .0124 29 0105 30 .0119 32 0100 33 0113 35 .0095
24 0076 25 0091 27 .0077 28 .0090 30 .0076 31 .0088 33 .0074 34 .0084 36 .0071
25 .0053 26 .0065 28 .0055 29 0065 31 .0055 32 .0064 34 .0054 35 .0062 37 .0052
26 .0037 27 0046 29 .0039 30 .0047 32 _ .0040 33 .0047 35 .0040 36 .0046 38 .0039
'@ @)Hark‘\sov\




¢

Atk QLQ' Taue

[page 27 2]

e df=19 df=20 df = 21 df = 22 df =23 df=24 df=25 df =26 df =27
Chi2# Area Chi2# Area Chi2# Area Chi2# Area Chi2# Area Chi2# Area Chi2# Area Chi2# Area Chi2# Area
6.5 .9964 70 .9967 80 .9951 85 .9956 9.0 .9960 95 .9963 105 .9951 11 .9955 11.5 .9960
7.0 .9942 7.5 .9947 85 .9926 9.0 .9933 95 .9940 10.0 .9945 11.0 .9929 11.5 .9937 120 .9943
7.5 .9910 8.0 .9919 9.0 .9892 9.5 .9903 100 .9913 10.5 .9922 11.5 .9902 12.0 .9912 125 .9921
8.0 .9867 85 .9880 95 .9847 10.0 .9863 105 .9877 11.0 .9890 120 .9866 125 .9880 13.0 .9892
85 .9809 9.0 .9829 10.0 .9789 105 .9812 11.0 .9832 11.56 .9850 125 .9821 13.0 .9840 135 .9857
9.0 .9735 9.5 .9764 105 .9717 11.0 .9747 115 9775 120 9799 13.0 .9765 13.5 .9790 14.0 .9813
95 .9642 10.0 .9682 11.0 .9628 11.5 .9669 120 .9705 125 9737 135 .9698 14.0 .9730 145 .9759
10.0 .9529 105 .9582 115 .9521 120 .9574 125 .9620 13.0 .9661 140 .9617 14.5 .9658 15.0 .9694
10.5 .9395 11.0 .9462 120 .9396 125 .9462 13.0 .9520 135 .9571 145 9523 15.0 .9573 15.5 .9618
11.0 .9238 11.5 .9322 125 .9251 13.0 .9332 135 .9403 140 .9467 15.0 .9414 155 .9475 16.0 .9529
115 .9059 120 .9161 13.0 .9086 13.5 .9183 14.0 .9269 145 9345 155 .9289 16.0 .9362 16.5 .9427
120 .8856 125 .8978 13.5 .8901 14.0 .9015 145 9117 15.0 .9208 16.0 .9148 16.5 .9234 17.0 .9311

145 .8828 15.0 .8946 15.5 .9053 16.5 .8991 17.0 .9091 175 .9181
16.0 .8881 17.0 .8818 17.5 .8932 18.0 .9035
‘ 18.5 .8875
27 1047 28  .1094 29 1140 30 .1185 2 .1001 33 1041 34 1079
28 .0834 29 .0878 30 .0920 31 .0961 33 .0811 34 0847 35 .0882
29 .0660 30 .0699 31 0737 32 0774 34 0652 35 .0684 36 0716
30 .0518 31 .0552 32 .0586 33  .0619 35 .0520 36 .0549 37 0577
31 .0404 32 .0433 33  .0462 34 .0491 36 .0413 37  .0438 38 .0463
32 0313 33 .0337 34 0362 35 .0387 37 .0325 38 .0347 39 .0368 34 .1350 36 1153
33 .0240 34 .0261 35 .0282 36 .0304 38 .0255 39 .0273 40 .0292 36 .0017 38 .0779
34 .0184 35 .0201 36 .0219 37 0237 39  .0198 40 0214 41 .0230 38 .0606 40 .0512
35 .0140 36 .0154 37 .0168 38 .0183 40 0154 41 0167 42 0180 40 .0390 42 .0329
36 .0106 37 0117 38 .0129 39 0141 41 0118 42 0129 43 .0140 42 0245 44 0207
37 .0079 38 .0089 39 .0098 40 .0108 42 .0091 43 .0099 44 .0108 44 0151 46 0127
38 .0059 39  .0067 40 .0074 41 .0082 43 .0069 44 0076 45 0084 46 .0091 48 .0077
39  .0044 40 .0050 41  .0056 42 0063 44 0053 45 0058 46 .0064 48 .0054 50 .0046
40 .0033 41 0037 42 .0042 43 .0047 45 .0040 46 .0044 47 .0049 50 .0031 52  .0027
df=28 df=29 df=30 df=40 df=50 df=60 df=70 df=80 df=90 df=100
Chi2# Area Chi2# Area Chi2# Area Chi2¥ Area Chi2¢ Area Chi2# Area Chi2# Area Chi2# Area Chi2# Area  Chi2# Area
120 9964 130 .9954 135 9958 20 .9965 27 9968 35 .9959 43 9954 51 .9953 60 .9937 68 .9940
125 9949 135 9936 140 9943 21 9942 28 9950 36 .9941 44 9936 52 .9936 61 .9918 69 .9923
13.0 9929 140 .9914 145 9923 22 9007 29 9924 37 .9915 45 9913 53 9914 62 .9894 70 .9902
13.5 9904 145 9885 150 .9897 23 9857 30 .9888 38 9882 46 9882 54 9887 63 .9864 71 .9875
140 9872 150 9850 155 .9866 24 .9787 31 .9840 39 9838 47 9843 55 9852 64 .9827 72 9844
145 9832 155 .9807 160 .9827 25 .9694 32 9777 40 9782 48 .9794 56 9810 65 .9783 73 .9806
15.0 .9784 160 .9755 165 .9781 26 9573 33 9696 41 9712 49 9734 57 9759 66 .9730 74 9761
165 9727 165 .9694 17.0 9726 27 .9421 34 9504 42 9626 50 .9662 58 .9697 67 .9668 75 .9708
16.0 9658 17.0 .9622 175 .9661 28 9235 35 .9468 43 9522 51 9574 59 9624 68 .9596 76 .9647
165 9578 175 9538 180 .9585 29 .9012 36 .9317 44 9398 52 9472 60 .9537 69 .9511 77 9575
170 9486 180 9443 185 9499 30 8752 37 9139 45 09253 53 9352 61 9437 70 .9415 78 9494
17.5 9380 185 .9334 19.0 .8400 38 8933 46 9085 54 9213 62 9322 71 .9305 79 .9401
18.0 9261 19.0 .9213 195 .9289 47 8894 55 9056 63 9191 72 9181 80 .9297
185 9129 195 .9078 200 .9165 56 .8879 64 9044 73 9043 81 .9180
19.0 .8981 20.0 .8929 205 .9029 65 .8880 74 .8890 82 .9050
21.0 .8879
106 .1195 118 .1056
84 1214 96 .1073 108 .0950 120 .0844
74 1056 86 .0940 98 .0838 110 .0747 122 .0667
50 .1336 62 .1188 76 .0796 88 .0718 100 .0846 112 .0581 124 .0522
36 .1426 38 .1223 40 .1049 52 .0968 64 .0881 78 .0591 90 .0540 102 .0492 114 0446 126 .0404
38 .0984 40 .0839 42 0716 54 0687 66 .0642 80 .0432 92 .0401 104 .0370 116 .0339 128 .0310
40 .0661 42 .0562 4 0477 56 .0478 68 0460 82 0312 94 0294 106 .0275 118 0255 130 .0235
42 0434 44 0367 46 .0311 58 0326 70 .0324 84 .0221 96 .0213 108 .0202 120 .0190 132 .0177
44 0278 46 .0235 48 .0198 60 .0219 72 0224 86 .0155 98 .0153 110 .0147 122 0140 134 .0132
46 .0174 48 0147 50 0124 62 .0144 74 0153 88 .0107 100 .0108 112 .0106 124 .0102 136 .0097
48 0107 50 .0090 52 0076 64 .0093 76 .0103 90 .0073 102 .0075 114 .0075 126 .0074 138 .0071
50 .0065 52 .0055 54 0046 66 .0060 78 .0068 92 .0050 104 .0052 116 .0053 128 .0053 140 .0051
52 .0038 54 .0032 56 .0027 68 .0037 80 106 .0036 118 .0037 130 .0037 142 .0037
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