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• Answer All Questions 
• M M k co c O BL Blooms Taxonomy Level (1- Remember, 2 - Understand, 3 -- ax mar ; - ourse utcome; -

Apply, 4-Analyse, 5 - Evaluate, 6 - Create) 
• Course Outcomes: 
C03: Develop comprehensive statistical summaries and visual dashboards to communicate data insights. 
C04: Implement dimensionality reduction techniques and perform time series analysis techniques. 

Q. No Question M CO \ BL 

1. A startup's HR manager is reviewing the monthly performance bonuses (in ~ 10 3 4 
thousands) paid to 11 employees in the sales team to examine possible pay 
disparities before the annual audit. 
The recorded bonuses are: 25, 18, 65, 22, 30, 19, 26, 23, 28, 21, and 24. 
The CFO has observed that one employee's bonus may be unusually high, 
possibly because of a data-entry error or an exceptional one-time incentive, and 
has requested a statistical analysis before the data are presented to the board. 
a) Arrange the observations in ascending order and compute the five-number 

summary: minimum, first quartile Q
1

, median Q2, third quartile Q
3

, and 
maximum. (2 marks) 

b) Calculate the interquartile range (IQR) and determine the lower and upper 
fences using the 1.5 x !QR rule. Using these fences, identify any outlier(s) in 
the dataset. (3 marks) 

c) Construct a modified (Tukey) box plot for the dataset using the 1.5 x IQR 
convention. Draw the whiskers to the most extreme non-outlier 
observations, and clearly indicate the box, median, whiskers, and any 
identified outlier(s). (2 marks) 

d) For comparison, suppose the identified outlier is temporarily excluded from 
the dataset. Compute the mean and median both before and after its 
exclusion. Compare the changes in these two measures and explain which 
measure of central tendency is more robust for the original dataset I 
containing the extreme observation. justify your answer. (3 marks) 

2. A fitness trainer wants to investigate whether there is a linear relationship 10 3 3 
between the average number of hours that a client spends on strength training 
per week (X) and the client's muscle-mass gain, measured in kilograms, over a 
three-month period (Y). Data were collected from eight clients, as shown below. 

The trainer wants to determine whether clients who spend more time on 
strength training tend to experience greater muscle-mass gains. Use the data to 
answer the following questions. 
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er Week, x Muscle-Mass Gain k , Y 
1 
2 
2 
3 
4 
5 

8 5 
9 6 

a) Calculate the . . -mean trammg time, :x, and the mean muscle-mass gain, Y. 
b) Com (2 marks) 

tr . ~Ute the Pearson correlation coefficient r, between weekly strength-
ammg hours and muscle-mass gain. (5 marks) 

C) ~ra~ a sca~ter plot with weekly strength-training hours (X) on the 
onzontal axis and muscle-mass gain (Y) on the vertical axis. Based on the 

scatter plot and the value of r obtained in part (b), interpret the direction 
and strength of the linear relationship between weekly strength-training 
hours and muscle-mass ain 3 k . . mars 

A ret~•~ analytics team is conducting exploratory data analysis on a dataset 10 
con_tammg several thousand products. The dataset includes four numerical 
variables and one categorical variable, as shown below. 

Variable T e Descri tion 
Price Numerical Product rice 
Monthl Sales Volume Numerical Number of units sold er month 

Numerical Avera e customer ratin 
Deliver Time Numerical Deliver duration 
Product Cate o Cate orical Cate or to which the roduct belon s 

Available visualization toolkit: histogram, box plot, bar chart, scatter plot, 
correlation heatmap, pair plot, parallel coordinates, and Andrews curves. 
For each requested analysis, identify the most suitable visualization technique 
from the toolkit. Briefly justify why the selected technique is more appropriate 
than one plausible alternative. Where a task explicitly requires more than one 
complementary visualization, identify and justify each one. 
a) The team wants to: (i) examine the shape of the distribution of Price, 

including features such as skewness or multiple peaks; (ii) separately 
identify potentially extreme Price values using the standard interquartile­
range (IQR) convention; and (iii) compare the total Monthly Sales Volume 
across product categories. Select the most suitable visualization for each 
objective and justify the choices. (4 marks) 

b) The team wants to examine whether Price and Customer Rating are 
associated and to visually identify individual products that depart 
substantially from the overall relationship. Select the most suitable 
visualization and justify why it is more informative for this task than one 
reasonable alternative. (3 marks) 

c) The team wants to: (i) obtain an at-a-glance summary of the strength and 
direction of the airwise linear associations amon Price, Month\ Sales 

3 4 
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Volume, Customer Rating, and Delivery Time using Pearson correlation I 
coefficients, in order to examine redundancy and potential multicollinearity 

when evaluating candidate predictors for a subsequent model; and (ii) after 
standardizing these four numerical variables to comparable scales, inspect 
product-level multivariate profiles across four explicit variable axes and look 

for products with similar profile shapes. Select the most suitable 
visualization for each obiective and iustifv the choices. (3 marks} 

A data science consulting firm has received three time-series datasets from 1 o 4 3 

clients in different industries. A junior analyst must apply a common time-series 

analysis workflow: time indexing ➔ visualizat_i~n and s?1oothing ~ trend 
analysis ➔ seasonality analysis ➔ dec~mpos1t1on and mt_erpretat1on. and 

explain how the same analytical te_chmques can reveal different busmess 

insights across domains. Dataset Details: 

Domain DataFrame Index ·Variables and Coverai?e 
Finance stock_df Date Close-daily closing stock price, 2015-

2023. 

Healthcare df_health Date Patients-daily patient-visit count, 2019-
2023. 

Retail df_retail Date Sales-daily revenue; lsHoliday-Boolean 
indicator for selected major shopping­
holiday dates, such as Black Friday and 
Christmas, for one calendar year. 

Assumptions: All three datasets have already been loaded into pandas 
DataFrames, sorted chronologically, and indexed by Date. For the healthcare 
dataset, assume that the observations fonn a regular daily time series with no 
unresolved missing dates. 
Using appropriate pandas and time-series analysis functions in Python, answer 
the following questions. 
a) For stock_df['Close'], calculate the SO-day moving average and 200-day 

moving average using an appropriate rolling-window function. 
Explain the usual interpretation of: 

• a golden cross, when the SO-day moving average crosses above the 200-
day moving average; and 

• a death cross, when the SO-day moving average crosses below the 200-
day moving average. 

Briefly state the business or investment interpretation of these signals, while 
recognizing that they do not guarantee future price movements. (4 marks) 

b) For df_health['Patients'], apply an appropriate time-series decomposition 
method to obtain the trend, seasonal, and residual components. Assume an 
annual seasonal period of 365 days. 
Explain what a rising long-term trend together with a pronounced winter 
seasonal peak would suggest for hospital capacity and resource planning. 

(3 marks) 
c) For df_retail, compare the mean sales on holiday and non-holiday dates and 

calculate the percentage holiday lift using: 
Sn - S 

Holiday Lift(%) = N x 100 
SN 

where Stt = mean sales on dates for which ls Holiday= True, 
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and SN= mean sales on dates for which ls Holiday - False. 

5. 

Use an appropri_ate pandas grouping or aggregation operation. Interpret this 

value as_ a dc~c~·,ptlve association rather than a causal effect, and briefly state 

the retail decisions that it could su ort 3 mark 

An e-commerce comp . . s 

b 
. . . any wants to investigate the relationship between the 1 o 4 4 

num er of website v1s1ts it re • h 
orders placed Th l _ce1ve_s eac Week and the corresponding number of 

• e ana ys1s w1\l hel k . 
relationship between website traffic an: thde ma,r etmg team quantify the 

d 
. . or er vo ume, use a fitted regression 

mo el for pred1ct10n, and understand the limitations of predictions m d 

outside the observed data range. Data collected over ten weeks are given belo~t 

Week Website Visits, X Orders Placed, V 

1 
(thousands) (hundreds) 

4 3 

2 6 5 

3 7 4 

4 9 7 

s 11 8 

6 13 10 

7 16 11 

8 18 13 

9 21 14 
10 24 17 

The Head of Marketing wants to use these data not only to construct a predictive 

model but also to understand the practical interpretation of the fitted 

relationship and the risks associated with making predictions beyond the 

observed data range. 

a) Fit the simple linear regression model: Y =a+ bX 

where X represents weekly website visits in thousands and Y represents weekly 

orders placed in hundreds. Using n = 10, compute the required quantities I:X, r.Y, 

IX2
, and IXY. Then determine the slope b and intercept a, showing the major 

calculation steps. Using the fitted regression equation, estimate the weekly 

number of orders when website visits are 12 thousand. (5 marks) 

b) Interpret the slope of the fitted regression model in the context of the 

business problem. Also interpret the intercept, commenting on whether it 

has a meaningful practical interpretation given the observed range of X. Then 

use the fitted model to estimate the weekly number of orders when website 

visits reach SO thousand. Discuss the reliability of this prediction with 

reference to the observed range of X, which is 4 to 24 thousand visits, and 

explain the limitation associated with extrapolation. (3 marks) 

c) For the week in which the company received 18 thousand website visits, use 

the fitted regression equation to calculate the predicted number of orders, Y. 

Then compute the residual, in hundreds of orders, using 

e=Y-Y 
where Y is the actual number of orders observed for that week. State whether 

the fitted model underpredicts or overpredicts the observed order volume, and 

briefl ex lain what the si n of the residual indicates. 2 marks 
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