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EXAM IN NATURAL SCIENCES METHODS
02.10.2015, kl. 09.00 - 14.00

All main questions (1-6) count the same and within each main question all sub-
questions count the same.

1. Explain briefly the following statistical concepts:
continuous numerical variable,

interval scale,

mean,

SD,

Central Limit Theorem,

Confidence interval,

Type | and Type Il error.
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2. Systolic blood pressure was measured (in units of mm Hg) during preventive health
examinations on people in Dallas, USA. Here are the measurements for a subset of these
patients: 112, 128, 108, 129, 125, 153, 155, 132, 137.

How many individuals are in the sample?

What is the mean of this sample?

What is the sum of the squares of the measurements?
What is the standard deviation of this sample?

What is the coefficient of variation of this sample?

What is the standard error of the mean?

Calculate an approximate confidence interval of the mean.
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3. Assume a random sample. What effect does increasing the sample size have on:
a. The probability of committing a Type | error?
b. The probability of committing a Type Il error?
c. The power of a test?
d. The effect size?
e. The significance level?

4. In a test of Murphy’s law, pieces of toast were buttered on one side and then dropped.
Murphy’s law predicts as you may know that they will fall butterside down. Out of 9821 slices
of toast dropped, 6101 landed butter-side down. Do these data support Murphy’s law, or not?

a. Give the proper Ho and Ha.

b. Which test would you use, and why?

c. What are the assumptions of the test?

d. Do the test (see attached formulae and table sheets).

5. Below is a printout from an ANOVA performed in DataAnalysis in EXCEL.

a) Which types of ANOVA have we learned, and which is used here?

b) What are the assumptions for using ANOVA?

c) Which are the explanatory and response variables here, and what types of variables
are they?

d) Explain what the different columns and rows in the ANOVA table (below) show, and

fill in the table.



e) If you were asked to investigate how 3 different levels of fat and fibers, respectively,
in the bun in of MacDonald’s cheeseburger influence the weight of their customers,

how would you design such a study?

Anova: Two-Factor With Replication

SUMMARY A Total
1
Count 2 2 2 2 2 10
Sum 826 788 832 958 824 4228
Average 413 394 416 479 412 422 8
Variance 2 50 2 2 18 951,955556
2
Count 2 2 2 2 2 10
Sum 916 783 864 867 742 4172
Average 458 391,5 432 433,56 371 417,2
Variance 8 4,5 2 45 8 1101,73333
K]
Count 2 2 2 2 2 10
Sum 801 776 909 914 805 4205
Average 400,5 388 4545 457 402,5 420,5
Variance 4.5 2 4.5 2 4.5 950,5
4
Count 2 2 2 2 2 10
Sum 805 792 841 823 751 4012
Average 4025 396 420,5 4115 375,5 401,2
Variance 45 2 0,5 45 24,5 263,511111
5
Count 2 2 2 2 2 10
Sum 828 813 921 973 770 4305
Average 414 406,5 460,5 486,5 385 430,5
Variance 2 24,5 4,5 0.5 32 1652,5
Total
Count 10 10 10 10 10
Sum 4176 3952 4367 4535 3892
Average 417.,6 395,2 436,7 453,5 389,2
Variance 488,266667 52,6222222 356,233333 871,611111 283,733333
ANOVA _
wrce of Variati 8§ df MS F P-value F crit
Sample 4674,52 4 1168,63 134,017202 1,6733E-16 2,756871047
Columns 20684,12 4 7306,03 B848,168578 2,6915E-28 2,75871047
Interaction 13579,68 16 848,73 97,331422 1,7208E-18 2,06908764
Within 218 25 8,72
Total 48056,32 49

6. In a survey of effects of running on personality 231 male runners that each ran

about 30 km per week, were given the Cattell Sixteen Personality Factor
Questionnaire, a 187-questions multiple choice-test which is widely used by

psychologists. A news article (New York Times, 15 February 1988) stated that
"Researchers have found statistically significant differences in personality among
runners in the 30-year old population as a whole.” And further in the headline

“Research shows that running may change the runners state of mind.”
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a) Explain what is meant by statistically significant.

b) Which test do you think have been used, and why?

c) Explain why the headline is misleading.

d) Design an experiment which will demonstrate if what the headline states is correct.



Formulae for Basic Statistics
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Formulae for regression and correlation
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Formulae for regression and correlation
(EX)ZY)

n

S(X = X)Y-Y)=3(XY)-

¥ (x -X)r,-7)

‘S‘Sregrz'.s.'inn =b 2 (xl ' Y)( }: - )_,.)

Ssrrufm.’ + SS‘.'"n.,rr ossion SSI'nml
MS, =%
DF,
2 s‘sr egression
88,
MS

g Al l'z’j.l"dmif
ch'.b —

v E(X,. - 7]:
S -7) -3 (x,-

MS, =

residual n _2
b * td[2 ]",SE},
Yi’ ta[2].vSE{-
_b-F;

SE,
_ (bl ‘bz) _(ﬁl "ﬁz)

SEn-1:
S$ +(SS,,,

(M5 1) Sk e

4 (D :l'!ﬂf) +(Df'rrr )

085,.), (5,0,

((3or-x7) [z

S bbl-bZ =

2



Y (X -X)(x-7)

Kruskal-Wallis
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Mann-Whimey U
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Critical value of F, a(1)=0.05. «(2)=0.10

Numerator df

den. 1 2 3 4 5 6 7 8 9 10
dr
1 161.45 | 199.50 | 215.71 | 224.58 | 230.16 | 233.99 | 236.77 | 238.88 | 240.54 | 241.88
2 18.51 19.00 19.16 | 19.25 19.30 | 19.33 19.35 19.37 19.38 19.40
3 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79
4 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96
5 6.61 5.79 541 5.19 5.05 495 4.88 4.82 4.77 4.74
6 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 4.06
7 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68 3.64
8 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35
9 5.12 4.26 3.86 3.63 3.48 337 3.29 3.23 3.18 3.14
10 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 2.98
11 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90 2.85
12 4.75 3.89 3.49 3.26 3.11 3.00 2.91 2.85 2.80 2.75
13 4.67 3.81 341 3.18 3.03 2.92 2.83 2.77 2.71 2.67
14 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65 2.60
15 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59 2.54
16 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54 2.49
17 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49 2.45
18 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46 2.41
19 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 242 2.38
20 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39 2.35
1 A 2N 2 A7 2 N7 2 oA N Lo o Ir <e D AQ A AN 277 S 2n




(]
|
i
i
.
]
1
0

Shaded area = a

TABLE 2 t
Percentage points of Student’s ¢ distribution fay
difa = A0 25 10 KR 25 A1 05 Al LD00S
1 0325 1000 3078 6314 12706 31821 63657 38309 636619
2 0289 0816 188 2920 4.303 6.965 9.925 22327 3159
3 0277 0765 1638 2353 ji82 4541 5.841 10.215 12924
4 0271 0741 1533 2132 2.776 347 4604 7.173 8610
5 0267 0727 1476 2015 257 3365 4032 5.893 6.869
6 0265 0718 1440 1943 2447 3143 3707 5.208 5.959
7 0263 0711 1415 1895 2365 2998 349 4.785 5408
8 0262 0706 1397 1860 2.306 2.8% 3355 4.501 5041
9 0261 0703 1383 1833 2262 2821 3250 4.297 4781
10 0260 0700 1372 1812 2228 2.764 3169 4.144 4.587
n 0260 0697 1363  1L79% 2.20m 278 1106 4.025 4437
12 0259 0695 135 1782 2179 2681 3.055 3930 4318
13 0259 0694 1350 1N 2.160 2650 3012 1.852 420
14 0258 0692 LuU5 1761 2.145 2624 2977 3.787 4140
15 0258  0.691 1.341 1.753 2.131 2602 2947 37133 4073
16 0258 069 1337 1746 2120 2583 2921 3.686 4015
17 0257 0689 1333 1740 2.1t0 2567 2.898 3646 3.965
18 0257 0688 1330 1734 2.10 2552 2.878 3610 3922
19 0257 0688 1328 179 2093 2539 2861 1579 3.883
20 0257 0687 132% 175 2086 2528 2845 3552 3.850
21 0257 068 1323 1721 2080 2518 2831 3527 3819
22 025 068 1321 1.717 2074 2508 2819 3.505 3792
23 025 0685 1319 1714 2069 2500 2.807 3485 3768
24 025 0685 1318 1711 2064 2492 2797 3467 3745
25 0256 0684 1316 1708 2060 2485 2787 3450 375
26 025 0684 1315 1706 2056 2419 2719 3435 3.707
27 0256 0684 1314 1703 2082 2473 2m 3421 3690
28 025 0683 1313 1701 2048 2467 2.763 3408 3674
29 025 0683 1311 169 2045 2462 2756 3.396 3.659
30 0256 0683 1310 1697 2.042 2457 2.750 3.385 3646
35 025% 0682 1306 1.6% 2.030 2438 2724 3.340 3.591
40 0.255 0681 1303 1684 201 2423 2.704 3.307 3.551
50 0255 0679 1299 1676 2,009 2403 2678 3.261 3.496
60 0254 0679 129 1671 2.000 239 2660 3232 3.460
120 0254 0677 1289 1658 1.980 2358 2617 3.160 3373
inf. 0253 0674 1282 1645 1.960 2326 2576 3.090 3291
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TABLE 7

Percentage points of the chi-square distribution

a=.10 05 25 o1 03 o1 dr
2706 3841 S04 663 7819 1083 1
4605 5991 7378 9210 1060 132 2
6.251 7815 OM8 1134 1288 1677 3
7779 9488 ILI4 1328 148 1847 4
92% 1107 1283 1509 1675 20 5
1064 1259 1445 1681 1855 2246 6
1202 1407 1601 1848 2028 243 7
133 1551 1753 2009 2195 2612 8
1468 1692 1902 2167 2359 778 9
1599 1831 2048  BA 2519 2959 10
1728 1968 2192 W4T} 276 317 N
1855 2103 2334 262 2830 RO 12
1981 236 2474 2769 2982 3453 13
206 W8 2612 2914 132 3612 W
2231 2500 2749 3058 328 3N 15
2354 2630 2885 3200 3427 3925 16
7Y s Y X" B N B < V| I L 7 S - S ¥/
2599 88T 3153 3481 3716 4231 18
2720 3044 3285 3619 3858 HBR 19
841 3141 MI7T 3157 4000 4531 20
2962 3267 3548 3893 4140 4680 20
3081 B2 3678 4029 4280 4827 002
RO BA7T 3808 4164 418 973 D
3320 3642 3936 4298 455  SLI8 M
MI8 3765 4065 4431 4693 RNK XS
3556 3889 4192 4564 4829 5405 26
674 4001 4319 469 4965 5548 77
3792 4134 4446 4828 5099 5689 28
3909 425 4572 4959  S234 SB0 29
02 7T 4698 5089 5367 5970 30
5181 5576 5934 6369 6677 T340 40
6317 6750 T4 7615 1949 8666 SO
7440 7908 8330 8838 9195 9961 60
8553 9053 9502 10043 10421 11232 70
958 10188 10663 11233 11632 12484 80
10757 11315 11814 12412 12830 13721 90
11850 12434 12956 13581 14007 14945 100
14023 14657 15221 15895 16365 17362 120
26847 27714 28480 29389 M08 31344 240
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