MAT-104 Intro to Stats Fall 2024 Review 4 Practice

1. Answer the following questions about the properties of chi-square distributions

(a) What is the general shape of the chi-square distribution? (symmertic, right-skewed,
left-skewed, uniform, unimodal, etc.)

(b) What parameters define the chi-square distribution? (mean, variance, standard
deviation, degrees of freedom)

(c) How does the general shape of a chi-square distribution change when you change the
defining parameters from the previous part (eg. if you said the mean is a defining
parameter, what happens to the general shape for bigger and smaller means)

(d) Bonus: Are there any other properties special to the chi-square distribution can
think of?

2. Below is the output from a chi-square test in R using a data frame called data.

Pearson's Chi-squared test

data: data
X-squared = 30.07, df = 2, p-value = 2.954e-07

(a) In a goodness-of-fit test we are testing if the possible categories (bins) for our data
fit a particular distribution. Why is it not possible that the above output is the
result of a goodness-of-fit test with 8 categories?

(b) Regardless of the type of test, would you reject or fail to reject the null hypothesis?

(c) Sketch an approximate picture of the chi-square distribution with the value of x?
labeled and the p-value shaded.
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3. Let’s say you want to know if self-identified gender has anything to do with political
party preference. You poll 420 voters in a simple random sample to find out which
political party they prefer. The results of the survey are shown in the table below:

Democrat | Republican | Independent | Total
Male 100 70 30 200
Female 140 60 20 220
Total 240 130 50 420

(a) Write appropriate hypotheses for your test.

(b) Find the x? statistic

(c) How many degrees of freedom define the appropriate chi-square distribution to use
for your test.

4. You conduct a chi-square test of homogeneity for data in a five by two table. What is
the degrees of freedom for this test?
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7.40 Student performance across discussion sections. A professor who teaches a large introductory
statistics class (197 students) with eight discussion sections would like to test if student performance differs
by discussion section, where each discussion section has a different teaching assistant. The summary table
below shows the average final exam score for each discussion section as well as the standard deviation of
scores and the number of students in each section.

Secl Sec2 Sec3 Sec4d Secb5 Sec6 Sec7 Sec8
n; 33 19 10 29 33 10 32 31
Z; 9294 91.11 91.80 9245 89.30 88.30 90.12 93.35
si  4.21 558 343 592 932 727 6.93 457

The ANOVA output below can be used to test for differences between the average scores from the different
discussion sections.

Df Sum Sq MeanSq F value Pr(>F)
section 7 525.01 75.00 1.87 0.0767
Residuals 189  7584.11 40.13

Conduct a hypothesis test to determine if these data provide convincing evidence that the average score varies
across some (or all) groups. Check conditions and describe any assumptions you must make to proceed with
the test.
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6. A researcher believes that there is a linear relationship between the amount of food a
rat has eaten and the speed at which the complete a maze. Eight rats labeled A through
H studied and the data is recorded below:

Rat A|B|C|DJ|E|F |G| H | mean| sd
Food (grams) | 1.0 | 1.5 2025 |3.0[35| 4 |45| 275 | 1.22
Speed (seconds) | 7.7 | 7.3 | 7.1 | 7.0 | 6.6 | 5.8 | 4.4 | 3.9 | 6.225 | 1.40

(a) Plot a scatter diagram of speed against food .

(b) Find the Pearson correlation coefficient for the data.

(c) Calculate the equation of the least squared regression line

(d) Calculate R? and explain its value within the context of the problem

(e) Estimate the speed of a rat that ate 3.2 grams of food.

(f) What is the residual for the fourth observations (rat D)?
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7. Below is output from the some R code:

Call:
Im(formula = penguins$body_mass_g ~ penguins$flipper_length_mm)

Residuals:
Min 1Q Median 3Q Max
-1058.80 -259.27 -26.88 247.33 1288.69

Coefficients:

Estimate Std. Error t value Pr(ltl)
(Intercept) -5780.831 305.815 -18.90 <2e-16 ***
penguins$flipper_length_mm 49.686 1.518 32.72 <2e-16 ***

Signif. codes: @ ‘***’ 0.001 ‘**’ 90.01 ‘** 0.05 ‘.” 0.1 * ’ 1

Residual standard error: 394.3 on 340 degrees of freedom

(2 observations deleted due to missingness)
Multiple R-squared: 0.759, Adjusted R-squared: 0.7583
F-statistic: 1071 on 1 and 340 DF, p-value: < 2.2e-16

(a) What is the explanatory variable and response variable?

(b) Write an equation for the least squares line?

(c) Does the data provide statistically significant evidence that longer flipper lengths
is associated with more body mass?

(d) Interpret R? within the context of the problem.

Page 5



MAT-104 Intro to Stats Fall 2024 Review 4 Practice

8. Below is data regarding the sell of Mario Kart video games at auction:

price cond_new stock_photo duration wheels

1 51.55 1 1 3 1
2 37.04 0 17 1
140 38.76 0 0o 7 0
141 54.51 1 1 1 2

Figure 9.13: Four observations from the mariokart data set.

variable description

price Final auction price plus shipping costs, in US dollars.

cond_new Indicator variable for if the game is new (1) or used (0).
stock_photo Indicator variable for if the auction’s main photo is a stock photo.
duration The length of the auction, in days, taking values from 1 to 10.
wheels The number of Wii wheels included with the auction. A Wii wheel

is an optional steering wheel accessory that holds the Wii controller.

Figure 9.14: Variables and their descriptions for the mariokart data set.

After performing a multiple regression model in R to model the price using every possible
explanatory variable we obtain the following:

Estimate Std. Error t value Pr(>|t|)

(Intercept)  36.2110 1.5140  23.92 <0.0001
cond_new 5.1306 1.0511 4.88 <0.0001
stock_photo 1.0803 1.0568 1.02 0.3085
duration -0.0268 0.1904 -0.14 0.8882
wheels 7.2852 0.5547 13.13  <0.0001

df =136

(a) Write the linear regression model for price using all the provided explanatory vari-
ables

(b) Are there any explanatory variables that do not seem to have a strong relationship
to the price of the video game at auction?

(c¢) Find a 95% confidence interval for the coefficient of the wheels variable in your
model.
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Formula Sheet

Throughout, X is a random variable and z; is a particular value of X.

Review 4 Practice

P(Aor B) = P(A)+ P(B) — P(A and B)
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A t-table shows the t-score corresponding to a certain confidence level and degrees of freedom.
For example, 1.119 is in column ¢ g5 and row with degrees of freedom 7. This means that the
t-score corresponding to the 85th percentile on the t-distribution with 7 degrees of freedom

1s 1.119.
t Table
cum. prob s fas e tgs t 59 tas tars lg I 995 t gan I 9995
one-tail 0.50 0.25 0.20 0.15 0.10 0.05 0.025 0.01 0.005 0.001 l].'DDﬂ'Sl
two-tails 1.00 0.50 0.40 0.30 0.20 0.10 0.05 0.02 0.01 0.002 0.001
df
1 0.000 1.000 1.378 1.963 3.078 6.314 12.71 31.82 63.66 318.31 636.62
2 0.000 0.816 1.061 1.386 1.8B86 2820 4.303 6.965 5.925 22 327 31.589
3 0.000 0.765 0.878 1.250 1638 2.353 3.182 4. 541 5.841 10215 12824
4 0.000 0.741 0.941 1.180 1.533 2132 2776 3.747 4.604 TA73 B.&10
5 0.000 0.727 0.920 1.156 14786 2.015 2571 3.365 4.032 5893 6869
4] 0.000 0.718 0.906 1.134 1.440 1.843 2.447 3.143 3.707 5.208 5.955
T 0.000 071 0.896 1.119 1415 1.895 2.365 2998 3.489 4.785 5.408
B 0.000 0.706 0.889 1.108 1.397 1.860 2.308 2.896 3.355 4.501 5.041
] 0.000 0.703 0.883 1.100 1.383 1.833 2.262 2821 3.250 4.297 4.781
10 0.000 0.700 0.879 1.093 1.372 1.812 2.228 2764 3.168 4.144 4587
11 0.000 0.697 0.876 1.088 1.363 1.796 2.201 2718 3.106 4.025 4 437
12 0.000 0.695 0.873 1.083 1.356 1.782 2179 2681 3.055 3.930 4318
13 0.000 0.694 0.870 1.079 1.350 1.771 2.160 2.650 3.012 3.852 4221
14 0.000 0.682 0.868 1.076 1.345 1.761 2.145 2624 2.977 3.787 4.140
15 0.000 0.691 0.866 1.074 1.341 1.753 2131 2602 2.947 3.733 4073
16 0.000 0.680 0.865 1.071 1.337 1.746 2.120 2583 2.921 3.686 4.015
17 0.000 0.689 0.863 1.069 1.333 1.740 2.110 2.567 2.898 3.646 3.965
18 0.000 0.688 0.862 1.067 1.330 1.734 2.1 2552 2.878 3610 3.922
19 0.000 0.688 0.881 1.066 1.328 1.729 2.093 2539 2.861 3.579 3.883
20 0.000 0.687 0.860 1.064 1.325 1.725 2.086 2528 2.845 3.552 3.850
21 0.000 0.686 0.859 1.063 1.323 1.721 2.080 2518 2.831 3.627 3819
22 0.000 0.686 0.858 1.061 1.321 1.717 2.074 2.508 2.819 3.505 3.792
23 0.000 0.685 0.858 1.060 1.319 1.714 2.069 2.500 2.807 3.485 3.768
24 0.000 0.685 0.857 1.059 1.318 1.711 2.064 2482 2.797 3467 3.745
25 0.000 0.684 0.858 1.058 1.316 1.708 2.060 2485 2787 3.450 3725
26 0.000 0.684 0.856 1.058 1.315 1.706 2.0586 2479 27789 3435 3.707
27 0.000 0.684 0.855 1.057 1.314 1.703 2.052 2473 2771 3421 3.690
28 0.000 0.683 0.855 1.056 1.313 1.701 2.048 2467 2.763 3.408 3.674
29 0.000 0.683 0.854 1.055 1.311 1.699 2.045 2462 2.756 3.396 3.650
30 0.000 0.683 0.854 1.055 1.310 1.697 2.042 2457 2.750 3.385 3.646
40 0.000 0.681 0.851 1.050 1.303 1.684 2.021 2423 2.704 3.307 3.5561
60 0.000 0.679 0.848 1.045 1.296 1.671 2.000 2.390 2.660 3.232 3.460
BO 0.000 0.678 0.846 1.043 1.292 1.664 1.980 2.374 2.639 3.195 3416
100 0.000 0.677 0.845 1.042 1.290 1.660 1.984 2.364 2.626 3174 3.380
1000 0.000 0.675 0.842 1.037 1.282 1.646 1.962 2.330 2.581 3.098 3.300
F4 0.000 0.674 0.842 1.036 1.282 1.645 1.960 2326 2.576 3.080 3291
0% 50% 60% 70% 80% 90% 5% 98% 99% 99.8% 99.9%

Confidence Level
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A z-score table shows the percentage of values (usually a decimal figure) to the left of a
given z-score on a standard normal distribution.

z 0 0.0 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.03

+0 50000 50399 50798 51197 51595 51994 52392 52790 53188 53586
+0.1 53983 54380 54776 55172 55567 55966 56360 56749 57142 57535
+0.2 57926 58317 58706 50095 59483 59871 60257 60642 61026 61409
+0.3 £1791 62172 63552 62930 63307 63683 64058 64431 G4B03 65173
+0.4 65542 65910 66276 66640 67003 67364 67724 GBOB2Z  6B439  6B793
+0.5 £9146 69497 69847 70194 70540 7OBB4 71236 71566 71904 72240
+0.6 72575 72907 73237 73565  .F3B91 74215 74537 74857 75175 75490
+0.7 75804 76115 76424 76730 77035 77337 77637 77935  .FB230 78524
+0.8 JBE814 79103 79389 79673 79955  .BO234  BOSIl  BOVBS  B10S7  B1327
+0.9 81594 81859 82121  B2381  .B2639  .B2B94  .B3147  B3398  B3646 B389

+1 £4134  B4375  B4614  B4B49  BS083  B5314  BS5543 B5769  B5O93 BG214
+1.1 B6433  B6650  BEB64  BTOTE  BT2B6  B7493  BTR9E  BT900  BBIO0  .BRI9A
+1.2 BB493  BEGBE6  .BBE77  .BOOGS  .B9251  .B9435  B9G17  BO796  .B9973 00147
+1.3 80320 90490 90658 90824 90988 91149 91308 91466 91621 91774
+1.4 91924 92073 92220 592364 92507 92647 92785 92922 93056 93189
+1.5 83319 93448 93574 93699 93832 03943 94062 94179 94295 94408
+1.6 84520 94630 94738 94845 940950 95053 95154 95254 95352 095449
+1.7 95543 95637 95728 95818 95907 95994 96080 96164 96246 96327
+1.8 L6407 96485 96562 96638 096712 06784 96856 96926 96995 97062
+1.9 87128 97193 97257 97320 97381 97441 57500 97558 97615 97670

+2 97725 97778 97831  97BB2Z 97932 97982 98030  9B0F7 98124 98169
+2.1 88214 98257 98300 598341 98382 98422  9B461  9B500 98537 98574
+2.2 L8610 98645  9BG679 98713 G8745  OB7TE  .98BRB09  9BE40  9BETO  .OBE99
+2.3 HB928 98956  GBO9B3 599010 99036 99061 99086 99111 59134 99158
+2.4 L9180 99202 99224 99245 99266 99286 99305 99324 99343 99361
+2.5 89379 99396 99413 99430 99446 99461 99477 99492 99506 99520
+2.6 99534 99547 99560 99573  G9585 09598 99609 99621 99632 09643
+2.7 89653 99664 99674 99683 99693 99702 99711 99720 99728 99736
+2.8 89744 99752 99760 99767 99774 09781  9978BB 99795 99801 99807
+2.9 99813 99819 99825 599831 99836 99841  99B46 99851  99B56 99861

+3 L9865 99869 (99874  99BFE  O98B2  O9BBE6  .99BB9 99893 99896  .99900
+3.1 89903 99906 99910 599513 99916 99918 599321 99924 99926  .99529
+3.2 99931 99934 99936 99938 99940 99942 99944 99946 99948 99950
+3.3 899952 99953 99955 5993957 99958 99960 99961 99962 99964 59965
+3.4 09966 99968 99969 99970 99971 99972 99973 99974 99975 99976
+3.5 89977 99978 99978 599379 99980 99981 59981 99982 99983 59983
+3.6 99984 99985 99985 99986 99986 09987 (99987 99988 99988 09989
+3.7 89989 99990 99950 599590 99991 99991 59992 99992 99992 59592
+3.8 89993 99993 99993 99994 99994 09994 99994 99995 99995 99995
+3.9 899995 99995 99996 599996 99996 99996 99996 99996 99997 59997

+4 89997 99997 99997 99997 99997 99997 (99998 99998 99998 00998
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A z-score table shows the percentage of values (usually a decimal figure) to the left of a
given z-score on a standard normal distribution.

z 0 0.0 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.03

-0 S0000 49601 49202 48803 48405  4B006 47608 47210 46812 46414
-0.1 46017 45620 45224 44838 44433 44034 43640 43351 42858 42465
-0.2 42074 41683 41294 40905 40517 40129 39743 39358 38974 38591
-0.3 38209 37828 37448 37070 36693 36317 35942 35569 35197 34877
-0.4 34458 34090 33724 33360 32997 32636 32276 31918 31561 31207
-0.5 30854 30503 30153 29806 29460 29116 38774 28434 ZBOYE 27760
-0.6 27425 27093 26763 26435 26109 25785 25463 25143 24825 24510
-0.7 24196 23885 23576 23270 27965  .ZZ663  22363 22065 21770 21476
-0.8 21186 20897 20611 20327 20045 (19766 19489 19215 18943  .1B673
-0.9 JAB406 18141 17879 17619 17361 17106 (16853 16602 16354 16109

-1 AS5866 (15625 (15386 15151 14917 14686 14457 14231 14007 13786
-1.1 13567 13350 13136 12924 12714 12507 12302 12100 11900 11702
-1.2 A1507 11314 11123 10935 10749 10565 10383 10204 10027 09853
-1.3 09680 09510 09342 09176 09012 0BBS1  .DBGE9Z 08534  0B379  0BII6
-1.4 0BOTE 07927 .077B0 07636 07493 07353 07215 OF0FE 06944 06811
-L5 D681 06552 06426 06301 06178 06057 05938 05821 05705 05592
-1.6 05480 05370 05262 05155 05050 04947 04846 04746 04648 04551
-1.7 04457 04363 04272 04182 04093 04006 03920 03836 03754 03673
-1.8 03593 03515 03438 03362 03288 03216 03144 03074 03005 02938
-1.9 02872 02807 02743  0DI6BO 02619 02559 02500 02447 02385 02330

-2 02275 02222 02169 02118 02068 02018 01970 01923 01876 01831
-2.1 01786 01743 01700 01659 01618 01578 01539 01500 01463 01426
-2.2 01390 01355 01321 01287 01255 01222 01191 01160 01130 01101
-2.3 01072 01044 01017 00990 00964 00939 00914  00DBB9  OOBEE  ODB42
-2.4 00820 00798 00776 00755 00734 00714 00695 00676 00657 00639
-2.5 00621 00604 00587 0OSF0 00554 00539 00523 00508 00494 OD4ED
-2.6 00466 00453 00440 00427 00415 00402 00391 00379 00368 00357
-2.7 00347 00336 00326 00317 00307 00298 00289 00280 00272 00264
-2.8 00256 00248 00240 00233 00226 00219 00212 00205 00199 00193
2.9 00187 00181 00175 00169 00164 00159 00154 00149 00144 00139

-3 00135 00131 00126 00122 00118 00114 00111 00107 00104 00100
-3.1 00097 00094 00090 00D0DBY  OOOB4  ODOBZ  .DOODF9 00076 00074 00071
-3.2 00069 00066 00064 00062 00060 00058 00056 00054 00052 00050
-3.3 00048 00047 00045 00043 00042 00040 .00D0D39 00038 00036 00035
-3.4 00034 00032 00031 00030 00029 00028 00027 00026 00025 00024
-3.53 00023 00022 00022 00021 00020 00019 00019 .0001B 00017 00017
-3.6 00016 00015 00015 00014 00014 00013 00013 00012 00012 00011
-3.7 00011 00010 00010 00010 00009 00009 0O0DE  OOODE  .ODODDE  .ODOO0E
-3.8 00007 00007 00007 00006 00006 00006 00006 00005 00005 00005
-3.9 00005 00005 00004 00004 00004 00004 00004 00004 00003 00003

-4 00003 00003 00003 00003 00003 00003 00002 00002 00002 00002
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