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Statistical Techniques for TCS/BIT

Exam

Instructions

This examination comprises 11 exercises and is divided into two sections: Final answer questions and
Open questions. For the Final answer questions, record only your answers. For the Open questions, pro-
vide explanations or motivation for all your answers and present all relevant solutions. Provide your re-
sponses rounded to three decimal places, where applicable. Submit all your responses on the designated
answer sheet.

Supplementary scratch paper is accessible for your convenience (this will not be assessed).

Ensure to hand in your answer sheet and to return the formula sheet and probability tables, which are
provided separately.

Final answer questions

1. The developers of a smart home voice command app carried out a study to examine the [2 pt]
app usage frequency in 20 smart houses during 30-minute time intervals at different times
throughout the day. For example, the frequency recorded at 6 a.m. was assessed from 5:45
a.m. to 6:15 a.m. Below, you'll find the corresponding comparative box-plot depicting the
frequency counts for five distinct times of the day. Answer the following statements (A) to (F)
about the above comparative box-plot depicting the frequency counts with either true (T) or
false (F).
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(A) There are both extreme and mild outliers at 6 a.m. TRUE

(B) The mean app usage frequency at 12 noon is 10. FALSE

(C) Variability increases until 2 p.m. TRUE

(D) At 8 a.m., the app usage frequency is the most consistent. TRUE
(E) Distributions at 8 a.m. and 2 p.m. are not symmetric. FALSE

(F) Thelargestapp usage frequency at2 p.m.is greater than the largest app usage frequency
at 10 p.m. TRUE

. Let Xy, Xp, X3, and X4 be be a random sample of observations from a population with mean u
and variance ¢>.

Consider the following two point estimators of u: (C)

T1 = 0.10X7 + 0.40X5 4 0.40X3 + 0.10X4,

T, = 0.20X; + 0.30X; + 0.30X5 + 0.20X 4.

I. Which of the following is true?
(A) T is a biased and T, is an unbiased estimator of .
(B) T7is an unbiased and T is a biased estimator of p.
(C) Both T; and T, are unbiased estimators of p.
(D) Both Ty and T, are biased estimators of u.
(E) We cannot tell about the bias of T; and T, with the given information.
1. Which of the following is true? (B)
(A) Var(Ty) = Var(Ty)
(B) Var(T1) > Var(Ty)
(C) Var(Ty) < Var(T»)
(D) We cannot tell the relationship between Var(T;) and Var(T,) with the given informa-
tion.
1I. Which of the following is true regarding the Mean Squared Error (MSE)?(A)
(A) T, is a better estimator of u than Tj.
(B) T is a better estimator of i than T».

(C) We cannot tell whether T; or T, is a better estimator of u with the given information.

. We are testing if the mean amount of liquid dispensed by a machine is less than 1000 units
with a = 0.05, the standard deviation is given ¢ = 24 units. We're assessing the risk of not
detecting under-dispensing by 10 units using a sample of n = 40 bottles. The hypotheses of
this research are: Hy: 4 = 1000, H, : 1 < 1000. We have the following Rejection Rule: "Reject Hy
if Z < —1.645" And z = ¥=1000 — _1 645 gives ¥ = 993.76

24

Wthis test, with a true mean of 990 units,which of the following is the correct computation
of Type Il error?(C)

(A) P(x > 993.76|u = 1000) (E) P(
(B) P(x < 993.76|u = 1000) (F) P(
(C) P(% > 993.76|u = 990) (G) P(
(D) P(x < 993.76/u = 990) (H) P(

> 9901 = 993.76)
< 990|u = 993.76)
> 990/ = 1000)
< 990|u = 1000)
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4. The lead researcher in a laboratory believes that the average time for participants to com- [2 pt]
plete a cognitive task on the smart devices is 14 minutes. Assume that task completion time
follows a normal distribution with a standard deviation of 3.4 minutes. The researcher mon-
itors the completion times of 25 participants and finds that the average time for task com-
pletion was 11.6 minutes.

I. What are the appropriate null and alternative hypotheses? (C)

(A) Hy:p>14and Hy : u < 14. (C) Hy:u=14and Hy : u # 14.
(B) Hy: y <14and Hy : u > 14. (D) Hy: y>14and Hy : y = 14.

II. Which statistical test should the researcher consider to test their statistical hypothesis
for the above mentioned claim? (A)
(A) One sample t-test for the u when ¢2is unknown
(B) One sample test for the x when ¢?is known
(C) Paired samples t-test for the u
(D) Chi-square test for the o

1I. Which decision below should the researcher make for testing the above claim with a

significance level of « = 5% ? (G)

(A) Zeritical < Zobserved therefore Fail to reject Hy

(B) Zgyitical > Zonserved therefore Fail to reject Hy

(C) toritica > tobserved therefore Fail to reject Hy

(D) toitical < tonserved therefore Fail to reject Hy

(E) Zeritical > Zobserved therefore Reject Hy

(F) Zgritical < Zopserved therefore Reject Hy

(G) teitical > tobserveq therefore Reject Hy

(H) toiticar < topserved therefore Reject Hy

5. A study on 22 engineering students categorized them into two groups: Bike Commuters (12 [2 pt]
students, mean distance 28.5 km, variance 18.1 km?) and Public Transit Commuters (10 stu-
dents, mean distance 32.2 km, variance 20.4 km?).

I. Researchers plan an eight-step hypothesis test to assess if there's a significant difference
in mean distances between the two groups. (C)
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II. Which of the following represents the distribution for the scenario described above?
(A)

(A) tyo Under Hy (B) t37 Under Hy (C) t9 Under Hy (D) t»», Under Hy (E) t1; Under Hy

6. Suppose in a local city, 53 percent of the population favors the implementation of a new
tram line. A simple random sample of 300 residents is surveyed. We define X as the number
of residents favoring the new tram line. X ~ B(n, p) where n = 300 and p = 0.53. Which of the

following is true? (B)

(A) Sincenp >5andn(1 — p) > 5, by Central Limit Theorem the binomial distribution
Bin(159, 8.644%) can be used to describe the distribution of X.

(B) Sincenp >5andn(1 — p) > 5, by Central Limit Theorem the normal approximation
N(159, 8.644%) can be used to describe the distribution of X.

(C) Sincenp>5andn(1—p) > 5, by Central Limit Theorem the normal approximation
N(300, 0.53) can be used to describe the distribution of X.

(D) Sincenp >5andn(1 —p) >5,X ~ N(159, 8.6442).

(E) Since np >5and n(1 —p) > 5, X ~ Bin(159, 8.6442).

. In attempting to assess the effectiveness of solar panels installed on rooftops using technol-
ogy A as opposed to technology B, and aiming to form a comprehensive judgment on the
relative efficiency of these technologies, the researcher discovers a significant violation of
the normality assumption. In this scenario, which of the following statistical methods could
the researcher potentially employ?(D)

(A) Indepentent samples t-test (D) Wilcoxon rank sum test

(B) Paired samples t-test (E) Sign test on the Median of the differences

(C) ChiSquare test (F) Shaphiro Wilk's test

Open questions

8. The presented data table below outlines the average counts of successful gestures performed
by each participant during a hands-free interaction session within a virtual reality (VR) envi-
ronment. Each participant underwent testing in four measurements, and the average value is
provided in the table below. This research was conducted at the Center for Human-Computer
Interaction at the University of Twente and involved a total of 43 participants. The gesture
success counts are organized from the least to the most successful interactions. The classical
numerical summaries and graphical presentations, are provided below.

[1 pt]

[1 pt]

Statistical Measure

Value

2.0
5.8
8.4
10.5
15.8

2.2
5.9
9.0
1.1
19.6

2.9
6.3
9.2
11.2
22.7

3.0
6.8
9.2
11.3

3.7
6.9
9.4
11.3

3.9
7.2
9.8
11.5

4.0
7.4
9.9
12.0

4.1
7.5
10.0
13.0

4.4
7.6
10.1
15.4

4.8
8.0
10.4
15.4

Sample size

Sample mean

Sample standard deviation
Sample variance

Sample skewness

Sample kurtosis

43
8.851
4.484

20.109
0.893
4.298

(a) Average Gesture Success Counts

(b) Statistical Summary
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