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Answer all four (04) questions.
Non — programmable calculators are allowed.

01.
(a) Write two advantages of using non-parametric tests.

(b) Write two disadvantages of using non-parametric tests.

(c) A nutritionist is evaluating the median daily water intake (in ounces) of a group of
individuals following a new hydration plan. The hydration plan claims that the
median daily water intake should be at least 26 ounces for effectiveness. However,
the nutritionist suspects that the actual intake may be less than 26 ounces. To
investigate, she collects data from a random sample of 10 participants, and records

their daily water intake (in ounces) as follows in Table 1,

Table 1: Daily Water Intake (in ounces)

24.5 28.9 30.7 25.2 27.4
333 28.6 26 31.0 32.6

Assuming the data are not normally distributed:
(i)  State the null and alternative hypotheses to test the nutritionist’s suspicion.
(i) Identify an appropriate statistical test for this data.
(iiij)  Using a significance level of o = 0.05, determine whether the nutritionist’s
belief that the actual intake may be less than 26 ounces is supported by the
data.
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02. :
(a) A vocational training institute claims that its current online course helps 55% of its

students secure a job within three months of completion. To assess the effectiveness

of a new, revised version of the course, the institute conducts a trial with 150 recent

graduates. After three months,. 90 of the 150 graduates from the revised course

report that they have successfully secured employment.

(i) Find a point estimate of population proportion.

(i) Construct a 95% confidence interval of population proportion.

(iii)  Is there sufficient evidence to conclude that the new course shows a
statistically significant improvement over the existing 55% success rate?
Use a significance level of = 0.03.

(b) A research student has collected GPAs from 12 undergraduates using a simple

random sampling technique. The GPAs are given in Table 2,

Table 2: GPAs of students

[315[3.46 {3.21 [3.31 | 3.78 | 3.60 [2.98 [3.06 [ 3.33 [ 3.02 [3.86 | 3.24 |

Test, at the 0.05 level of significance, whether the sequence of GPAs is random:.

03.
(a) A tech companyis testing the battery endurance of three different models -of

wireless earbuds — Model X, Model Y, and Model Z. To evaluate performance, the
company measures how many hours each earbud can continuously play music
before needing to recharge. Each model is tested on 5 randomly selected units. The

results (in hours) are as follows in Table 3,

. Table 3: battery endurance (in hours)

Model X | Model Y Model Z

10 9 ' 12
12 10 10
11 12 14
13 11 13
10 9 11

At the 0.05 level of significance, test whether the median battery endurance (in

hours) differs among the three earbud models.
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() A sports science institute is studying the relationship between the training intensity
of athletes (measured on a scale from 1-100) and their muscle recovery time (in

hours) after a workout. The data from 10 athletes are shown in Table 6,

Table 4: training intensity of athletes and their muscle recovery time

Employee . | Training Intensity Muscie Recovery Time (Hours)
1 75 : |15
2 90 22
3 80 12
4 45 30
5 60 8
6 55 25
7 50 20
8 70 18
9 65 28
10 85 10

(i)  Using Spearman's rank correlation, analyze whether there is a statistically -
significant relationship between training intensity and recovery time.
- (ii)  Interpret the correlation between training intensity and recovery time in this

group of athletes.

(a) Compare and contrast the Mann-Whitney U test and the Wilcoxon Singed Ranks
test.

(b) A fitness research center is comparing the effectiveness of two different diet plans

one more affordable and the other more expensive, on weight loss performance.
Participants were randomly assigned to follow either of the two plans for one
month, under similar exercise and lifestyle conditions.
After the month, the researchers measured the amount of weight lost (in kilograms)
by each participant. Ten individuals followed the cheaper diet plan, and ten
followed the more expensive plan. The weight loss results are shown below in Table
3:
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Table 5: Weight Loss Results (in kilograms)

Cheaper Diet Plan (Group 1) More Expensive Diet Plan (Group 2)
2.8 3.5
3.1 3.8
3.4 3.6
3.0 3.7
2.7 3.4
2.9 3.0
32 3.3
2.6 3.2
3.2 2.9
3.0 2.8

Using an ap.propriate test, clarify whether there is a statistically significant

difference in effectiveness between the two diet plans at 5% level of significance.

(c) An educational psychologist is evaluating the effectiveness of a new study
technique designed to improve students’ performance on standardized reading

comprehension tests. Ten students are selected, and their test scores (out of a

standard scale) are recorded before and after completing an 8-week training -

program based on the new technique. The dataset shown in Table 4,

Tuble 6: Reading Comprehension Test Scores

Participant Before Training After Training
1 210 200
2 220 ' 215
3 205 210
4 225 210
5 210 200
6 235 236
7 240 ' 235
8 230 220
9 220 223
10 250 - 245

Using an appropriate test, clarify whether the new technique leads to a statistically significant
change in reading comprehension scores at 5% level of significance.

21N J—
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Appendix
Mann-Whitney U Test A

nl(nl + 1) _R nz(nz + 1)

Uy =nyn; + > 1 U, =nyn, + > — Ry

R, = Sum of the ranks for group 1, R, = Sum of the ranks for group 2, n, = Sample Size of
1%t sample, n, = Sample size of 21 sample.

Wald-Wolfowitz two sample runs fest

For even number of runs For odd number of runs

nl-l)(nz—l (n1 1)(n2—1) + (n2—1)(n1—1

(ninz) P(R=2k+1)= (m:lnz)

P(R = 2k) =

R = Number of Runs, n; = Sample Size of 1t sample, n, = Sémple size of 2nrd sample.

Kruskal-Wallis H-test

- i T; = the rank sum of ith sample, N; = sample size for ith
= N(N+1) Z Fl —3(N+ 1) sample, N = Full sample size
i=1 :

Spearman Rank Correlation

e 2
=1- _6_ZL d; = the difference between the ranks of corresponding variables.
n(n%—1) n = sample size

One Sample Sign Test (Large Sample Approximation)

(S + 1) — 1n S = min(N~—,N*), N* = Number of positive differences, N~ =
Z = 12 2 Number of negative differences, n = sample size
zVn
Wilcoxon Sign Rank Test (Lirge Sample Approximation)
W — nn+1) W =min(W~, W), W+ = the sum of the ranks with positive signs,
7 = 4 W™ = the sum of the ranks with negative signs, n = sample size
Jn(n +1)(2n+1)

24

Large Sample Confidence Interval of Population Proportion

p = proportion of the sample with

n p(1-p) n p(1—-p) the characteristic of interest
-7 —— < p<Pp+Z,_ —_—
P~ 41-ap2 n A A n n = sample size
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Critical Values of the Wilcoxon Signed Ranks Test
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Critical Values of r in the runs test
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Critical Values of the Mann — Whitney U
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Chi-square Distribution Table
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3011379 1495 1679 1849 2060 4026  43.77 4698  50.89

32 1 1513 1636 1829 20,07 2227 4258 46.19 4948  53.49

34 0 1650 1779 1981 2166 2395 4490 4860 5197 56.06

38 0 1929 20,69 2288 24883 2734 4951 5338  56.90  61.16

42 | 22,14 23.65  26.00 2814 30.77 5408 5812 6178 66.21

46 1 2604 26.66 20.316  31.44 34322 5864 G283 6662  7L.20

5001 27.99 2971 8236 3476 3769  63.17 6750 7142  76.15

BH 1 3173 3357 3640 3896 4206 6280 7331 T8 82.29

60 | 35,53 3748 4048 43.19 4646 7440 7908  83.30  88.38

65 | 3038 4144 4460 4745 5088  TAHT 8482 8518 0442

TO 1 43.28 4544 4876 5174 3533 8553 . 9053 95.02  100.43

75 | 47.21 4948 5294 5605 5979 0106 96.22  100.84  106.39

80 5117 B354 B7.15 6039 6428 06.58 10188 10663 112.33

85 1 8617  57.63 6139 6475 6878 10208 10752 11239 118.24

90 | 59.26  €1.75 65.65 69.13 73.29 10757 11315 11814 124.12

95 | 63.20 6390 6992 7352 782 113.04 11875 12386 12997

100 1 67.33 7006 7422 7793 8256 11850 12434 12956 135.81
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