





MODULE 1
Q1

a. Discuss how analytics supports decision making across different business functions such as marketing,
finance, operations, and HR.(8 Marks )

Role of Analytics in Supporting Decision Making Across Business Functions

Analytics refers to the systematic analysis of data using statistical, mathematical, and computational
techniques to support effective decision making. In modern organizations, analytics plays a crucial role across
various business functions such as marketing, finance, operations, and human resources (HR).

1. Analytics in Marketing
Marketing analytics helps organizations understand customer behavior and market trends.
e Analyzes customer data, preferences, and buying patterns.
o Helps in market segmentation, targeting, and positioning.
o Measures effectiveness of marketing campaigns using metrics like conversion rate and ROL.
e Supports decisions related to pricing, promotions, and product launches.
Example: Using social media analytics to identify trending products and customer sentiment.
2. Analytics in Finance
Finance analytics supports accurate financial planning and risk management.
e Helps in budgeting, forecasting, and financial planning.
o Analyzes revenue, expenses, and profitability.
e Supports investment decisions and credit risk analysis.
o Detects fraud and ensures compliance.
Example: Predictive analytics used for cash flow forecasting.
3. Analytics in Operations
Operations analytics improves efficiency and productivity.
e Optimizes supply chain and inventory management.
o Reduces operational costs by identifying bottlenecks.
o Improves quality control and process optimization.
e Supports demand forecasting and resource allocation.
Example: Using analytics to minimize inventory holding costs and avoid stock-outs.
4. Analytics in Human Resources (HR)
HR analytics supports better workforce management.
e Helps in recruitment by analyzing candidate performance data.
o Predicts employee attrition and improves retention strategies.
e Measures employee performance and productivity.

e Supports training and development decisions.




Example: Using analytics to identify factors affecting employee turnover.

b. Provide at least one real-world business example for each type of analytics and explain the purpose it serves.
(c Marks)

1. Descriptive Analytics

o Descriptive analytics is the type of analytics that summarizes and analyzes past data to understand what
has happened in the business.

o Ituses historical data, reports, dashboards, and data visualization tools.
Real-world example:

o Walmart uses descriptive analytics through past sales dashboards.

e Sales data from previous years is analyzed to identify seasonal demand patterns.

e This helps Walmart understand which products sell more during festivals or specific seasons and
evaluate past performance.

2. Predictive Analytics

o Predictive analytics uses statistical techniques and machine learning models to predict future outcomes
based on historical data.

o Itanswers the question “"What is likely to happen?”.
Real-world example:
o Netflix uses predictive analytics to predict viewer preferences.
o Itanalyzes users’watch history, ratings, viewing time, and search behavior.

e Machine learning algorithms predict what content a user is likely to watch next, enabling personalized
recommendations.

3. Prescriptive Analytics
o Prescriptive analytics recommends the best possible actions by analyzing data and possible outcomes.
o Itanswers the question “*What should be done?”.
e Uses optimization models, simulations, and decision rules.
Real-world example:
e Amazon uses prescriptive analytics to optimize delivery routes.
e The system considers traffic conditions, distance, delivery deadlines, and cost.

e It suggests the most efficient route, reducing delivery time and operational cost.

c. Explain the sources, storage challenges, and value of each type of data in business decision making.
(c Marks)

1. Sources of Data
Business data is collected from multiple internal and external sources.

e Customer Relationship Management (CRM):
Stores customer details, purchase history, feedback, and interactions.
Helps in understanding customer behavior and improving customer relationships.




o Enterprise Resource Planning (ERP):
Contains data related to finance, inventory, production, and human resources.
Supports operational and financial decision making.

¢ IoT Sensors:
Generate real-time data from machines, vehicles, and smart devices.
Used for monitoring, predictive maintenance, and operational efficiency.

e Social Media:
Provides data such as posts, comments, likes, and shares.
Helps in sentiment analysis, brand monitoring, and trend identification.

e Web Logs:
Capture user activity on websites such as page visits and click streams.
Used to analyze customer behavior and website performance.

2. Storage Challenges of Data
Managing and storing large volumes of data creates several challenges.

e Volume:
Huge amounts of data are generated every day, requiring large storage capacity.

o Variety:
Data comes in structured, semi-structured, and unstructured formats such as text, images, and videos.

e Scalability:
Storage systems must scale efficiently as data grows over time.

o Integration Issues:
Data from different sources must be combined and standardized for analysis.

e Security and Privacy:
Protecting sensitive business and customer data from unauthorized access is critical.

3. Value of Data in Business Decision Making
Data provides significant value when properly analyzed.

e Improved
Helps predict future sales, demand, and market trends.

o Personalization:
Enables customized products, services, and marketing for customers.

e Automation:
Supports automated decision-making processes and operational efficiency.

o Strategic Planning:
Helps managers make informed long-term business strategies.

Q2 a. Describe all six stages of CRISP-DM methodology with an example of how the method is applied in a real
business analytics project.
(10 Marks)

CRISP-DM (Cross-Industry Standard Process for Data Mining) is a widely used methodology that provides a
structured approach for planning and executing data analytics and data mining projects. It consists of six
sequential stages.
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1. Business Understanding

5.Evaluation

This stage focuses on clearly defining the business problem and objectives. The analytics goals are aligned with
business needs, success criteria, and constraints to ensure useful outcomes.

Example: An e-commerce company aims to reduce customer churn and increase repeat purchases.
2. Data Understanding

Relevant data is collected from different sources and explored to understand its structure, quality, and
patterns. Data issues such as missing values and inconsistencies are identified at this stage.

Example: Customer purchase history, website activity, and complaint data are analyzed to understand churn
behavior.

3. Data Preparation

This stage involves cleaning, transforming, and integrating data to make it suitable for modeling. Tasks include
handling missing values, removing duplicates, and creating new features.

Example: Inactive customers are identified, missing fields are filled, and new attributes like average spending
are created.

4. Modeling

Appropriate analytical or data mining models are selected and applied to the prepared data. Model parameters
are adjusted to improve accuracy and performance.

Example: A classification model is built to predict whether a customer is likely to churn.
5. Evaluation

The developed model is evaluated to check whether it meets business objectives. Performance metrics are
analyzed, and the model’s usefulness is validated.

Example: The churn prediction model is tested to ensure it correctly identifies high-risk customers.
6. Deployment

The final model is implemented into business operations for decision making. Results may be delivered
through reports, dashboards, or automated systems.

Example: The churn model is deployed to trigger personalized offers for customers at risk of leaving.




b. Explain how organizations use BI and BA differently for reporting, trend identification, and forecasting.
(5 Marks)

Use of Bl and BA in Organizations
1. Reporting

o Business Intelligence (BI):
Bl is mainly used for reqular reporting through dashboards, scorecards, and standard reports. It
summarizes past and current data to show business performance.

e Business Analytics (BA):

BA goes beyond reports and uses advanced analysis to explore data and generate insights for decision

making.
2. Trend Identification

e Business Intelligence (BI):
Bl identifies trends based on historical data and predefined patterns, such as monthly or yearly sales
trends.

e Business Analytics (BA):
BA identifies hidden and emerging trends using statistical and machine learning techniques.

3. Forecasting

o Business Intelligence (Bl):
Bl provides limited forecasting based on past summaries and trend lines.

e Business Analytics (BA):
BA performs accurate forecasting using predictive models and simulations.

c. Describe the key skills, tools, and responsibilities of a business analyst and provide two industry case
examples demonstrating their role.
(5 Marks)

Role of a Business Analyst: Skills, Tools, Responsibilities, and Examples
1. Key Skills of a Business Analyst
e Analytical skills: Ability to analyze data and identify patterns to support decision making.

e Communication skills: Ability to clearly communicate requirements between business users and
technical teams.

e Problem-solving skills: Ability to identify business problems and suggest effective solutions.
2. Tools Used by a Business Analyst

e Excel: Used for data analysis, reporting, and basic visualization.

e SOQL: Used to retrieve and manage data from databases.

e Power BI: Used to create dashboards and visual reports.

e Python: Used for advanced data analysis and automation.
3. Responsibilities of a Business Analyst

e Gathering and documenting business requirements.

e Analyzing data to support business decisions.

o [dentifying opportunities for process improvement and efficiency.




4. Industry Case Examples

e E-commerce industry: A Business Analyst improves the checkout process by analyzing user behavior
data, reducing cart abandonment, and increasing sales.

e Banking industry: A Business Analyst helps optimize fraud detection by analyzing transaction data to
identify suspicious patterns and reduce fraud losses.

MODULE 2
Q.3

a. Discuss data cleaning, data integration, and data transformation, highlighting why each step is
essential for reliable analysis.
(8 Marks)

Data Cleaning, Data Integration, and Data Transformation

Data preparation is a critical step in analytics. Data cleaning, integration, and transformation ensure that data
is accurate, consistent, and suitable for reliable analysis and decision making.

1. Data Cleaning
o Data cleaning is the process of identifying and correcting errors in the dataset.
o Itinvolves handling missing values, duplicate records, incorrect entries, and outliers.
o Ensures data accuracy, completeness, and quality.

Example:
Removing duplicate customer records or correcting invalid age values.

Importance:
o Improves data reliability
e Reduces errors in analysis
e Enhances decision accuracy
2. Data Integration
o Data integration combines data from multiple sources into a single unified dataset.
e Sources may include CRM, ERP, databases, and external systems.
o Ensures consistency across datasets and provides a complete view of data.

Example:
Merging sales data from CRM with payment data from ERP.

Importance:
o Eliminates data silos
o Improves consistency
e Supports comprehensive analysis
3. Data Transformation
o Data transformation converts data into a standardized and suitable format for analysis.
e Includes normalization, aggregation, encoding, and scaling.

e Makes data compatible with analytical models.




Example:
Converting date formats, scaling numerical values, or categorizing income levels.

Importance:
o Ensures uniform data format
e Improves model performance
e Enhances interpretability

b. Explain at least four methods for handling missing values and three approaches for handling outliers, with
examples. (7 Marks)

Handling Missing Values (4 Methods)
1. Deletion (Listwise/Pairwise)
Description: Remove rows or columns with missing values.
Example: If Age is missing in some rows:
[25, ?, 30] — remove row with ? — [25, 30]
2. Mean/Median/Mode Imputation
Description: Replace missing numeric values with mean/median; categorical with mode.
Example: Missing Age in [25, ?, 30] — median = 27.5 — [25, 27.5, 30]
3. Regression Imputation
Description: Predict missing value using regression on other variables.
Example: Predict missing Salary using Experience and Education.
4. KNN (K-Nearest Neighbors) Imputation
Description: Replace missing value using average of nearest neighbors with similar features.
Example: Missing Age = average Age of 3 nearest similar rows = 28.
Handling Outliers (3 Approaches)
1. Winsorization
Description: Cap extreme values at a certain percentile.

Example: Salary = [50000, 60000, 1000000] — cap max at 95th percentile = 70000 — [50000,
60000, 70000]

2. Trimming
Description: Remove extreme values from dataset.
Example: Remove Salary = 1000000 as it is an outlier.
3. Transformation
Description: Apply log, square root, or Box-Cox to reduce skewness.

Example: Salary = [50000, 60000, 1000000] — apply log(Salary) — [10.82, 11.0, 13.8]




c. Aretail dataset shows inconsistencies such as:

i. Blank entries in Customer Age

ii. Negative values in Quantity

iii. Duplicate transaction IDs

Describe how you would clean and prepare this data for further analysis.

(5 Marks )

1. Blank entries in Customer Age
Problem: Missing values can affect analysis.
Solution:

» Impute missing Age using median (robust to outliers) or KNN imputation based on other
customer features like Gender or Purchase Amount.

= Example: [25, ?, 30] — replace ? with median = 27.5.
2. Negative values in Quantity
Problem: Quantity cannot be negative; indicates data entry error.
Solution:

= Replace negative values with absolute values if sign mistake is suspected, or remove
rows if invalid.

= Example: Quantity = -5 — Quantity = 5 (or remove row if invalid).
3. Duplicate Transaction IDs
Problem: Duplicates can bias sales or transaction analysis.
Solution:
» Identify duplicates using TransactionlD and remove repeated entries.

= Example: ID 1001 occurs twice — keep only the first occurrence.

0.4

a. Explain descriptive statistical measures such as mean, median, mode, variance, and skewness with suitable
examples. Also state how these measures help in business decision making.
(8 Marks )

Descriptive Statistical Measures

Descriptive statistics summarize and describe the main features of a dataset. They help in understanding data
patterns and making informed business decisions.

Mean (Average)
Mean is the sum of all values divided by the number of observations.
Formula:
Zn X
Mean(x") = _=t

n




Example: Sales in a week: [100, 150, 120, 130, 110]

100 + 150+ 120 + 130 + 110
Mean = = =122

Business Use: Helps identify average sales, set sales targets, or forecast revenue.
Median

Median is the middle value when data is arranged in ascending order.

Example: Sales [100, 110, 120, 130, 150] — Median = 120

Business Use: Provides central tendency unaffected by extreme values (outliers), useful for pricing or customer
income analysis.

Mode

Mode is the most frequently occurring value in a dataset.
Example: Customer age [25, 28, 25, 30, 25] — Mode = 25
Business Use: Identifies most common customer preference, popular product, or frequent purchase patterns.

Variance

Variance measures how far data values spread from the mean.
Formula:
n 2
X.—X
3 (x=x)

Variance(o?) = —
n

Example: Sales [100, 150, 120, 130, 110]

Mean = 122

Deviations = [-22, 28, -2, 8, -12]

Squared deviations = [484, 784, 4, c4, 144]

Variance = (484+784+4+c4+144)/5 = 2Sc

Business Use: Indicates risk or variability in sales, helping inventory and resource planning.

Skewness

Skewness measures asymmetry of data distribution. Positive skew has a tail on the right (mean > median),
negative skew has a tail on the left (mean < median).

Example: Monthly sales [50, c0, 70, 80, 200] — Right-skewed due to 200.

Business Use: Helps detect outliers or unusual trends in revenue, customer behavior, or demand forecasting.

b. Discuss the role of exploratory visualization techniques—Histograms, Boxplots, and Heatmaps—in
uncovering business insights. (7 Marks)

Role of Exploratory Visualization Techniques in Business Insights

Exploratory visualization helps understand data patterns, detect anomalies, and uncover trends, enabling
better business decisions.

1. Histograms
Definition: Graphical representation of the frequency distribution of a variable using bins.

Example: Daily sales of a retail store [100, 150, 200, 150, 300] can be plotted in a histogram to see
which sales ranges occur most often.




Business Insight:
o Identifies high-demand periods.
o Detects seasonal trends.
o Helps plan inventory and marketing strategies.
2. Boxplots

Definition: Visual summary showing minimum, first quartile, median, third quartile, maximum, and
outliers.

Example: Customer purchase amounts [50, c0, 70, 80, 500] can be represented in a boxplot to detect
extreme values.

Business Insight:
o Detects outliers or unusual purchases.
o Shows variability in customer spending.
o Helps in pricing, promotions, and risk assessment.
3. Heatmaps

Definition: Graphical representation of data using color intensity to show relationships or correlations
between variables.

Example: Correlation between product categories and sales regions can be visualized with a heatmap
to find which products sell best in which areas.

Business Insight:
o Reveals patterns and hotspots.
o Helps allocate resources efficiently.
o Guides targeted marketing campaigns.

c. A company wants to segment customers based on purchase frequency, revenue contribution, and product
category preference. Describe how you would use exploratory analysis to segment customers and analyze
sales patterns.

(5 Marks )

Using Exploratory Analysis for Customer Segmentation and Sales Patterns

To segment customers based on purchase frequency, revenue contribution, and product category preference,
exploratory analysis can be applied in the following way:

Analyzing Purchase Frequency

Examine how often each customer makes purchases by plotting histograms or frequency tables.
This helps identify frequent buyers, occasional buyers, and rare buyers, which can guide loyalty programs and
targeted offers.

Analyzing Revenue Contribution

Calculate the total revenue per customer and visualize it using boxplots or bar charts.
Boxplots help detect high-revenue customers (top contributors) and low-revenue customers, allowing the
company to prioritize resources and marketing efforts.




Analyzing Product Category Preference

Use heatmaps or stacked bar charts to visualize the relationship between customers and product categories.
This reveals which customers prefer specific categories, enabling personalized recommendations, promotions,
and cross-selling opportunities.

Combining Insights for Segmentation

Using the results from the above analysis, customers can be grouped into segments such as:
o  High-frequency, high-revenue customers
o Low-frequency, high-revenue customers
e Category-specific loyal customers

This segmentation helps the company tailor marketing strategies, improve customer retention, optimize
inventory, and increase overall sales.

MODULE 3
Q.5

a. Explain Simple Linear Regression and Multiple Linear Regression with suitable business examples.
Discuss assumptions, interpretation of coefficients, and when each model is appropriate.
(8 Marks)

Simple Linear Regression and Multiple Linear Regression

Regression analysis is used to model the relationship between a dependent variable (target) and one or more
independent variables (predictors) to make predictions and understand patterns.

Simple Linear Regression (SLR)

Simple linear regression uses one independent variable to predict a dependent variable.
The model equation is:

Y=,30+B1X+6

Where Y is the dependent variable, X is the independent variable, B0 is the intercept, B1 is the slope
(coefficient), and ¢ is the error term.

Example: Predicting sales based on advertising spend.
o Dependent variable (Y) = Sales

o Independent variable (X) = Advertising spend
Interpretation of coefficients:

e [30: Expected sales when advertising spend is 0

e B1: Change in sales for each unit increase in advertising spend
When appropriate: Use SLR when there is only one predictor that influences the target variable.
Multiple Linear Regression (MLR)

Multiple linear regression uses two or more independent variables to predict a dependent variable.
The model equation is:

Y = ,BO +,31X1 +ﬁ2X2+...+ﬁan +e€




Example: Predicting sales based on advertising spend, number of salespeople, and season.
e Dependent variable (Y) = Sales

o Independent variables (X1, X2, X3) = Advertising spend, number of salespeople, season
Interpretation of coefficients:

o Each B represents the expected change in Y for a one-unit change in the respective predictor, keeping
other predictors constant.

When appropriate: Use MLR when multiple factors simultaneously affect the target variable.
Assumptions of Regression (SLR C MLR)

1. Linearity: Relationship between predictors and target is linear.

2. Independence: Observations are independent of each other.

3. Homoscedasticity: Constant variance of errors across all levels of predictors.

4. Normality: Errors are normally distributed.

Violating these assumptions may lead to biased or inefficient estimates.

b. What is Logistic Regression? Describe its use in at least two business classification problems. (7 marks)
Logistic Regression

Logistic regression is a statistical method used to model the relationship between a binary or categorical
dependent variable and one or more independent variables. Unlike linear regression, it predicts the probability
of an outcome using the logistic (sigmoid) function:

1
1+ e—(Bot+B1X1+..+BnXn)

P(Y=1)=

Where P(Y=1) is the probability of the event occurring, B0 is the intercept, B1...pn are coefficients, and X1...Xn
are predictor variables.

Key Feature: The output is always between 0 and 1, representing probability, which can be converted into class
labels (e.g., yes/no, churn/no churn).

Business Applications of Logistic Regression
Customer Churn Prediction
e Problem: Predict whether a customer will leave (churn) or stay with a company.
e Dependent Variable: Churn (Yes=1, No=0)
o Independent Variables: Customer tenure, monthly bill, service usage, complaints.
o Insight: Helps identify high-risk customers and design retention strategies.
Credit Approval / Loan Default Prediction
e Problem: Predict whether a loan applicant will default or not.
o Dependent Variable: Default (Yes=1, No=0)
o Independent Variables: Income, credit score, employment status, debt-to-income ratio.

o Insight: Helps banks approve loans for low-risk customers and manage financial risk




c. Acompany wants to predict customer churn using demographic and usage variables. List the steps involved
in building a predictive model, from data preparation to final prediction. (5 marks)

Steps to Build a Customer Churn Prediction Model
To predict customer churn using demographic and usage variables, the following steps are involved:
Data Cleaning :

Prepare the dataset by handling missing values, outliers, and duplicates. Ensure all variables are in the correct
format for analysis.

Exploratory Data Analysis (EDA) :

Analyze the data using visualizations and summary statistics to understand patterns, distributions, and
relationships between variables. Identify trends that may influence churn.

Feature Selection :

Select relevant demographic and usage variables that significantly affect churn. Techniques include correlation
analysis, statistical tests, or domain knowledge.

Model Training :

Choose a suitable classification algorithm, such as logistic regression, decision tree, or random forest, and
train the model on the prepared dataset.

Model Evaluation :

Assess the model’s performance using metrics such as accuracy, precision, recall, F1-score, and ROC-AUC.
Fine-tune parameters if necessary to improve predictive power.

Deployment :

Once the model is validated, deploy it to predict churn for new customers. Integrate the model into business
decision systems to support retention strategies.

Q.6
a. Explain Time Series Analysis and forecasting techniques commonly used in business analytics. Describe
moving averages, exponential smoothing, and ARIMA with examples. (8 marks)

Time Series Analysis and Forecasting Techniques

Time series analysis studies data points collected over time to identify patterns such as trends, seasonality,
and cycles. It is widely used in business analytics for demand forecasting, inventory management, sales
prediction, and financial planning.

Moving Averages (MA)
Moving averages smooth out short-term fluctuations to highlight longer-term trends.
e Method: Calculate the average of a fixed number of past observations.
o Example: Monthly sales [100, 120, 130, 150, 170]
o 3-month moving average for month 3 = (100+120+130)/3 = 116.7

e Business Use: Helps in identifying sales trends and planning inventory or promotions.




Exponential Smoothing (ES)
Exponential smoothing gives more weight to recent observations while forecasting future values.
Formula:

Fipp=a-Yi+(1—-a) F,

Where F_{t+1} is the forecast, Y_t is actual value, F_t is previous forecast, and a is smoothing constant (0 < a <
1).

Example: Forecasting next month’s sales using a = 0.3 and previous month sales Y_t = 150, previous
forecast F_t = 140

Fi41=03-150+ 0.7 - 140 = 143

Business Use: Useful for short-term sales or demand forecasting where recent data is more relevant.
ARIMA (AutoRegressive Integrated Moving Average)

ARIMA is a powerful forecasting method that combines autoregression (AR), differencing (I), and moving
average (MA) to model complex time series.

Use: Handles trend, seasonality, and autocorrelation in time series.
Example: Forecasting quarterly revenue using past revenue patterns and seasonal adjustments.
Business Use: Helps in long-term sales planning, financial forecasting, and supply chain optimization.
b. Discuss model evaluation metrics: RMSE, MAE, Accuracy, Precision, and Recall. (7 marks)
Model Evaluation Metrics

Evaluating a predictive model is crucial to measure its performance and reliability. Different metrics are used
depending on the type of problem: regression or classification.

Regression Metrics
RMSE (Root Mean Squared Error)
e Measures the square root of the average squared differences between predicted and actual values.

e Formula:

n A2
RMSE:\/E—izl(yi Y

n

o Example: Predicted sales [100, 150, 130], Actual sales [110, 140, 135]

RMSE = \sqrt{((100-110)A2 + (150-140)2 + (130-135)A2)/3} = 8.16
]

e Use: Penalizes large errors more; lower RMSE indicates better predictions.
MAE (Mean Absolute Error)
e Measures the average absolute difference between predicted and actual values.

e Formula:




X yi—=yil
MAE = —Sb———

o Example: Using the same sales data,

MAE = (|100-110| + |150-140| + |130-135|)/3 = 8.33
]

o Use: Provides an intuitive measure of average error; less sensitive to outliers than RMSE.
Classification Metrics
Accuracy

e Proportion of correct predictions (both positive and negative) over total predictions.

e Formula:

TP+TN
TP+TN+FP+FN

Accuracy =

e Example: Predicting churn for 100 customers; 80 correct predictions — Accuracy = 80%
o Use: General measure of model correctness.

Precision
» Proportion of correctly predicted positive cases out of all predicted positive cases.

e Formula:

TP
TP + FP

Precision =

o Example: Out of 50 predicted churners, 40 actually churn — Precision = 40/50 = 0.8

o Use: Important when false positives are costly, e.g., sending promotions to non-churners.
Recall (Sensitivity)

e Proportion of correctly predicted positive cases out of all actual positive cases.

e Formula:

TP

Recall = ——
TP + FN

o Example: Out of 60 actual churners, 40 predicted — Recall = 40/60 = 0.67

e Use: Important when missing positive cases is costly, e.g., identifying high-risk churners.




c. A retail company wants to forecast next month's sales. Describe how you would build a forecasting model
and evaluate its performance. Mention data preparation, feature selection, model choice, error calculation,
and business interpretation. (5 marks)

Building a Sales Forecasting Model for a Retail Company
To forecast next month’s sales, the following steps can be followed:
Data Preparation :

Collect historical sales data and clean it by handling missing values, outliers, and inconsistent entries. Ensure
data is in a time series format with consistent intervals (daily, weekly, or monthly).

Feature Selection :

Identify relevant features that affect sales, such as past sales, promotions, holidays, seasonality, and
economic indicators. Remove irrelevant variables to reduce noise.

Model Choice :
Select a suitable forecasting model based on data characteristics:
e Moving Average or Exponential Smoothing for short-term forecasts with minimal trend or seasonality.
e ARIMA or SARIMA for complex time series with trends and seasonality.
e Machine Learning models (e.g., Random Forest, XGBoost) if multiple predictors influence sales.
Model Training and Forecasting :

Train the model using historical data and generate predictions for the next month. Visualize predicted vs actual
values to identify trends.

Error Calculation and Evaluation :

Evaluate the model using metrics like RMSE (Root Mean Squared Error) or MAE (Mean Absolute Error) to
quantify prediction accuracy. Lower error values indicate better performance.

Business Interpretation :

Interpret the forecast to guide inventory planning, resource allocation, marketing campaigns, and revenue
targets. Insights from the model help management make informed decisions to maximize sales and reduce
stockouts.

MODULE 4
Q.7

a. Define Prescriptive Analytics. How does it differ from Descriptive and Predictive Analytics? Explain with
business examples. (8 marks)

rescriptive Analytics

Prescriptive analytics is a branch of business analytics that recommends actions to achieve desired outcomes.
It goes beyond describing what happened (descriptive analytics) or predicting what might happen (predictive
analytics) by suggesting the best course of action to optimize results.

Difference from Descriptive and Predictive Analytics
Descriptive Analytics
o Focuses on what has happened in the past.

o Uses data aggregation, reporting, and visualization techniques.




o Example: Aretail company analyzes last month’s sales to find which products sold the most.
Predictive Analytics

o Focuses on what is likely to happen in the future.

o Uses statistical models and machine learning to forecast outcomes.

o Example: A bank predicts which customers are likely to default on loans using historical data.
Prescriptive Analytics

o Focuses on what actions should be taken to achieve the best results.

o Uses optimization, simulation, and decision modeling.

e Example:

o Alogistics company recommends the optimal delivery route for minimizing fuel cost and delivery
time.

o Ane-commerce platform suggests personalized promotions for each customer to maximize
revenue.

Analytics Type| Focus Technique Example

Descriptive  |What happened? Reports, dashboards Monthly sales report

Predictive What will happen? |Regression, ML models |Predicting loan default or sales forecast

Prescriptive  |What should we do? |Optimization, simulation |Optimal delivery routes, targeted promotions

b. Explain Linear Programming (LP) with its key components: Decision Variables, Objective Function, and
Constraints. (7 marks)

Linear Programming (LP)

Linear Programming (LP) is a mathematical technique used to optimize a linear objective function subject to a
set of linear constraints. It is widely used in business for maximizing profits, minimizing costs, and optimal
resource allocation.

Key Components of Linear Programming

Decision Variables :
Decision variables represent the choices available to the decision-maker. They are the unknowns that need to
be determined to achieve the objective.

o Example: In a factory producing products A and B, let x1 = units of product A and x2 = units of product B
produced.

Obijective Function :
The objective function defines the goal of the optimization, expressed as a linear function of the decision
variables.

o Example: Maximize profit:

Z = 40x1 + 30x:

Where 40 and 30 are profits per unit of products A and B respectively.




Constraints :
Constraints are limitations or restrictions on resources, expressed as linear inequalities or equations. They
define the feasible region of possible solutions.

e Example:
o Labor hours: 2x1 + x2 < 100
o Material availability: x1 + 2x2 < 80
o Non-negativity: x1 20,x2 2 0
Business Example :

A company wants to determine how many units of products A and B to produce to maximize profit, given limited
labor and material:

e Decision Variables: x1 = units of A, X2 = units of B
o Objective Function: Maximize Z = 40x1 + 30x2
o Constraints:

o 2x1+x2 <100 (labor hours)

o X1+ 2x2 < 80 (material units)

o X1,x2 2 0 (non-negativity)

By solving this LP problem (graphically or using simplex method), the company can find the optimal production
plan that maximizes profit while satisfying all constraints.

c. Describe how Excel Solver can be used to implement an optimization model. Mention steps such as setting
objective, selecting decision variables, and adding constraints. (5 L3 CO4)

Using Excel Solver to Implement an Optimization Model

Excel Solver is a built-in tool that allows users to find the optimal solution for linear, nonlinear, or integer
optimization problems by adjusting decision variables subject to constraints. It is widely used in business for
resource allocation, production planning, and cost minimization.

Steps to Use Excel Solver
1. Set the Objective Cell
e The objective cell contains the value to be optimized, such as profit, cost, or revenue.
o Example: Maximize profit stored in cell D10.
2. Select Decision Variable Cells
e These cells represent the unknowns in the model that Solver can change to achieve the objective.
o Example: Number of units of product A and B in cells B2 and B3.
3. Add Constraints
o Constraints define limitations on resources or requirements.
e Example:
o 2*B2 + 1*B3 < 100 (labor hours)
o B2+ 2*B3 < 80 (material units)
o B2, B3 = 0 (non-negativity)




4. Choose Solver Options

e Select optimization goal (Maximize, Minimize, or Value Of).

e Choose solving method, e.g., Simplex LP for linear problems.
5. Run Solver

o Click Solve.

e Solver adjusts the decision variables to maximize or minimize the objective while satisfying all
constraints.

o Review the solution and apply it to the worksheet.
Business Example
A manufacturing company wants to maximize profit:
o Objective: Maximize Z = 40x1 + 30x2 (profit)
e Decision Variables: x1 = units of product A, x2 = units of product B

o Constraints: Labor and material limitations
Using Excel Solver, the company can quickly determine the optimal production quantities for A and B to
maximize profit while meeting resource limits.

Q.8
a. What is Sensitivity Analysis and Scenario Analysis in optimization? Explain differences, purpose, and
business relevance with examples. (8 marks)

1. Sensitivity Analysis (SA):

Definition: Sensitivity analysis examines how the output of an optimization model (e.g., profit, cost, production)
is affected by changes in one input variable at a time while keeping other variables constant.

Purpose: To identify which variables have the most influence on the outcome and to assess the robustness of
the model.

Business Relevance: Helps managers make informed decisions by understanding which factors are critical and
how small changes can impact results.

Example: A company wants to maximize profit. Sensitivity analysis can show how profit changes if the selling
price of a product increases or decreases by 5%, keeping costs and production constant. This helps in pricing
decisions and risk assessment.

2. Scenario Analysis (ScA):

Definition: Scenario analysis evaluates the impact of simultaneous changes in multiple input variables. It
creates different “scenarios” to see how outcomes vary under optimistic, pessimistic, or most likely situations.
Purpose: To prepare for uncertainty and plan for best-case, worst-case, or likely-case scenarios.

Business Relevance: Helps in strategic planning, budgeting, and risk management by considering multiple
factors that affect outcomes.

Example: The same company wants to see profit under different market conditions. Scenario 1 (Optimistic):
Sales increase by 10%, costs decrease by 5%. Scenario 2 (Pessimistic): Sales decrease by 5%, costs increase
by 10%. Scenario 3 (Most Likely): Sales and costs remain unchanged. The analysis shows how profit could vary
in each scenario, aiding in contingency planning.




3. Key Differences Between Sensitivity Analysis and Scenario Analysis

Feature Sensitivity Analysis Scenario Analysis

Focus Effect of one variable at a time Effect of multiple variables together

Purpose Understand variable impact, model | Plan for uncertainty, explore multiple outcomes
robustness

Complexity | Simpler, easier to calculate More complex, requires multiple assumptions

Business Fine-tuning decisions, risk Strategic planning, forecasting under uncertainty

Use assessment

Example How profit changes if product price | How profit changes if price rises 5% and raw
rises by 5% material cost increases 3%

b. Explain Decision Trees and Business Rules as tools for decision-making. Include use cases such as
customer targeting, loan approval, or risk assessment. (7 marks)

1. Decision Trees

A Decision Tree is a graphical representation of decisions and their possible consequences, including
outcomes, costs, and risks. It is widely used in decision-making to model complex scenarios in a simple,
structured way.

Structure:
o Root Node: The main decision to be made.
o Branches: Different options or decisions available.
o Leaf Nodes: Outcomes or final results of decisions.
Advantages:
o Easy to understand and interpret.
o Can handle both categorical and numerical data.
o Helps visualize all possible decisions and outcomes.
Use Cases in Business:
Customer Targeting:
= Segment customers based on behavior or demographics.
= Example: Decide which customers are likely to respond to a marketing campaign.
Loan Approval:
= Assess loan applicants based on income, credit score, and repayment history.
= Example: Approve, reject, or review application for manual checking.
Risk Assessment:
= Evaluate potential risks in projects or investments.

= Example: Identify high-risk clients in insurance underwriting.




2. Business Rules

Business Rules are explicit statements that define or constrain some aspects of business operations. They are
used to automate decisions based on conditions and criteria set by the organization.

Structure:
o Typically in“IF-THEN”format.
= Example: IF customer income > 50,000 AND credit score > 700 THEN approve loan.
Advantages:
o Simple to implement and maintain.
o Enforces consistency in decision-making.
o Easy to modify without changing core software.
Use Cases in Business:
Customer Targeting:
= Apply rules to select customers eligible for promotions.
= Example: IF customer purchased >3 items last month THEN send discount coupon.
Loan Approval:
= Apply pre-defined rules for quick decisions.
= Example: IF debt-to-income ratio < 0.4 AND employment > 2 years THEN approve loan.
Risk Assessment:
= Automatically flag high-risk transactions.

= Example: IF transaction amount > 1,00,000 AND country ="“High Risk” THEN hold
transaction.

c. Discuss any one business case (Resource Allocation / Pricing Model / Supply Chain Optimization) and
describe how prescriptive analytics helps in making optimal decisions. (5 marks)

Business Case: Resource Allocation

1. Overview of Resource Allocation

Resource allocation is the process of distributing available resources (such as manpower, machines, budget,
or materials) across various projects, departments, or tasks to maximize efficiency and achieve organizational
goals. Poor allocation can lead to underutilization, delays, or increased costs.

Example Scenario:
A manufacturing company has limited machinery and staff and must decide how to assign resources to
multiple ongoing projects to meet deadlines while minimizing operational costs.

2. Role of Prescriptive Analytics

Prescriptive Analytics goes beyond descriptive (what happened) and predictive (what might happen) analytics.
It recommends optimal actions using mathematical models, simulations, or optimization algorithms to
achieve the best outcomes.




e Techniques used in prescriptive analytics:

o Linear programming and optimization models

o Simulation and scenario analysis

o Decision analysis with constraints and objectives
e How it helps in Resource Allocation:

1. Optimal Assignment: Determines which resources should be assigned to which project to maximize
productivity or minimize cost.

2. Scenario Planning: Evaluates multiple “what-if” scenarios, e.g., if a machine breaks down or staff
availability changes.

3. Constraint Handling: Ensures that allocations respect limits like budget, labor hours, or machine
capacity.
4. Trade-off Analysis: Balances competing objectives, e.g., minimizing cost while maximizing output or

meeting deadlines.
3. Example Use Case

Scenario: A software company has 3 projects (A, B, C) and 10 developers. Each project has deadlines and
priority levels.

e Prescriptive analytics can suggest:
o Assign 4 developers to Project A, 3 to Project B, and 3 to Project C to meet deadlines.
o Reallocate resources dynamically if Project B falls behind schedule.
o Identify potential bottlenecks and recommend overtime or hiring temporary staff.
Outcome:
e Ensures maximum utilization of resources
e Reduces project delays

e Minimizes costs and improves overall operational efficiency

MODULE 5
Q.G

a. Explain the key Principles of Data Visualization. (7 marks)
Key Principles of Data Visualization

Clarity: Data visualizations should convey information clearly and unambiguously so that the audience can
quickly understand the message. Labels, legends, and data points must be easy to read and interpret.

Simplicity: Visuals should be simple and straightforward, avoiding unnecessary complexity. Overly complicated
charts or excessive elements can confuse the viewer and dilute the message.

Accuracy: Data must be represented truthfully without distortion. Axes, scales, and proportions should reflect
the actual values to prevent misleading interpretations.

Relevance: Only include information that is necessary for the insight or decision at hand. Irrelevant data can
distract the audience and reduce the effectiveness of the visualization.




Appropriate Chart Choice: The type of chart must match the data and the purpose. For example, line charts are
ideal for trends, bar charts for comparisons, and scatter plots for relationships.

Minimalism: Visuals should avoid unnecessary colors, gridlines, or decorative elements. A minimalist approach
emphasizes the key message and helps the viewer focus on important data.

Avoid Misleading Visuals: Charts should not manipulate scales, axes, or perspectives to exaggerate or hide
differences. Maintaining proportionality and context ensures honesty in communication.

b. What are Dashboards? Explain the characteristics of a good dashboard and differentiate between operational,
analytical, and strategic dashboards. (8 marks)

Dashboards

A dashboard is a visual interface that displays key information, metrics, and data points in a consolidated view
to help users monitor performance, analyze trends, and make decisions quickly. Dashboards present data using
charts, graphs, gauges, and tables, often in real-time, so decision-makers can take immediate action.

Characteristics of a Good Dashboard

A good dashboard is clear, concise, and actionable. It should present information in a way that is easy to
understand and interpret. Key characteristics include:

e Clarity: Information must be presented in a simple, intuitive format without clutter.
e Relevance: Only important metrics and KPIs should be displayed to avoid distraction.
e Accuracy: Data shown must be correct, up-to-date, and reliable.
e Timeliness: Information should be updated in real-time or near real-time to support decisions.
o Interactivity: Users should be able to filter, drill-down, or explore data for deeper insights.
o Consistency: Visual elements, scales, and colors should be uniform across the dashboard.
Types of Dashboards
1. Operational Dashboards:
o Focus on real-time monitoring of day-to-day operations.
o Help managers track ongoing activities and identify immediate issues.
o Example: Monitoring website traffic, server performance, or production line status.
2. Analytical Dashboards:
o Designed for data analysis and exploration.
o Help users discover trends, patterns, and insights for decision-making.
o Example: Analyzing customer behavior, sales trends, or marketing campaign performance.
3. Strategic Dashboards:
o Focus on high-level KPIs and long-term goals.
o Used by executives for strategic planning and performance tracking.

o Example: Company revenue growth, market share, or annual financial performance.




c. Define KPIs. How do you select and visualize KPIs effectively in a business dashboard? (5 L3 CO5)
Key Performance Indicators (KPIs)

Definition:

Key Performance Indicators (KPIs) are quantifiable measures used to evaluate the success of an individual,
team, or organization in achieving specific objectives. KPIs track progress toward strategic, operational, or
tactical goals and provide actionable insights for better decision-making.

Example: A retail company may track monthly sales growth, customer retention rate, and inventory turnover as
KPIs to measure business performance.

Selecting KPIs Effectively

Selecting the right KPIs is critical for meaningful insights. The following principles help in choosing effective
KPIs:

1. Alignment with Strategic Goals: KPIs must directly reflect the organization’s objectives. For example, if
the goal is to increase customer satisfaction, the KPI could be the Net Promoter Score (NPS).

2. Measurable: Only choose KPIs that can be quantified reliably. For instance, monthly revenue or average
delivery time.

3. Actionable: KPIs should drive decision-making. For example, if the cart abandonment rate is high,
actions like improving checkout process can be taken.

4. Timely: Select KPIs that can be tracked at appropriate intervals to provide early warning or progress
insights.

5. Simplicity and Focus: Avoid complex or too many KPIs. Focus on the metrics that truly indicate
performance rather than vanity metrics.

Visualizing KPIs Effectively

KPIs must be visualized in a clear, intuitive, and actionable format to make dashboards effective. Common
visualization techniques include:

e Scorecards: Indicate performance against targets using colors or symbols (e.g., green for achieved, red
for below target).

o Gauges: Show performance against a benchmark or threshold, ideal for metrics like server uptime or
sales target.

e Bar/Column Charts: Compare performance across categories or time periods, e.g., sales per region.

e Trend Lines/Line Charts: Track KPI changes over time, such as monthly website traffic or revenue
trends.

o Heatmaps: Highlight areas requiring attention, e.g., low-performing stores or departments.

Q.10
a. Compare Power BI and Tableau in terms of features, connectivity, performance, cost, and use cases. (8
marks)

Comparison of Power BI and Tableau

Power BI and Tableau are two of the most widely used business intelligence (BI) tools for data visualization,
reporting, and analytics. While both serve similar purposes, they differ in features, performance, cost, and use
cases.




Feature
Aspect

/

Power BI

Tableau

Features

Offers strong integration with Microsoft
products (Excel, Azure). Good for interactive
dashboards, Al-based insights, and self-service
BI.

Strong visualization capabilities  with
advanced charting options. Ideal for in-
depth analytics and custom dashboards.

Connectivity

Connects easily to Microsoft ecosystem, SQL
Server, Excel, SharePoint, and other cloud
services.

Supports a wide variety of data sources
including SQL, Oracle, Hadoop, and cloud
platforms. Highly flexible.

Performance

Performs well with moderate datasets; large
datasets may require optimization.

Handles large datasets efficiently and
provides faster visual rendering for complex
analytics.

Cost

Lower cost; includes free desktop version.
Affordable for small and medium businesses.

Higher cost; pricing is based on Creator,
Explorer, or Viewer licenses. Suited for
enterprise-level analytics.

Ease of Use

User-friendly, suitable for beginners. Drag-and-
drop interface and integration with Excel make
adoption easy.

Requires more learning initially but provides
advanced customization and analytics
capabilities.

Use Cases

Ideal for business reporting, operational
dashboards, sales tracking, and quick insights
in organizations using Microsoft tools.

Best for deep data analysis, predictive
analytics, large-scale dashboards, and
scenarios requiring highly interactive visuals.

b. Explain the components involved in Designing Interactive Dashboards. Discuss slicers/filters, drill-downs,
tooltips, navigation buttons, storyboards, and user experience considerations. (7 marks)

Components Involved in Designing Interactive Dashboards

An interactive dashboard is a visual interface that allows users to explore, filter, and analyze data dynamically
rather than just viewing static charts. Designing an effective interactive dashboard involves several
components and features that improve insight delivery and user experience.

1. Slicers / Filters:
Slicers and filters allow users to narrow down data based on specific criteria, such as date ranges, regions, or
product categories. They enable quick analysis of subsets of data without creating multiple separate

dashboards.

Example: A sales dashboard can have a slicer to view sales by month or by region.

2. Drill-Downs / Drill-Throughs:
Drill-downs let users explore data hierarchically, moving from summary-level metrics to more detailed
information. Drill-throughs allow jumping to another page or report for deeper analysis.

Example: Clicking on total sales by region to see sales by individual stores.

3. Tooltips:

Tooltips provide additional information when hovering over a data point or chart element. This helps convey
context, details, or explanations without cluttering the dashboard.
Example: Hovering over a bar in a chart shows the exact sales value, percentage growth, or trend comparison.




4. Navigation Buttons / Action Buttons:

Navigation buttons allow users to move between dashboard pages or sections, creating a smooth and
interactive user journey. They can also trigger actions like filters, bookmarks, or external links.
Example: Buttons to switch from sales overview to marketing campaign analysis.

5. Storyboards / Narrative Dashboards:

Storyboards combine multiple visualizations in a logical flow, often with text, images, or annotations, to guide
users through insights. They help in presenting data as a story rather than isolated charts.

Example: Showing a sequence from monthly sales trends — regional breakdown — top-performing products.

6. User Experience (UX) Considerations:

A dashboard should be intuitive, responsive, and visually appealing. Consider layout, color schemes, font
sizes, and the logical placement of elements. Avoid clutter, ensure readability, and prioritize key metrics to
enhance decision-making efficiency.

c. What is Data-Driven Storytelling? Describe the structure of a compelling analytical story and give an example
of how insights can be communicated to business leadership. (5 marks)

Data-driven storytelling is the practice of combining data, visuals, and narrative to communicate insights
effectively. It turns complex data into a clear story that helps stakeholders understand trends, patterns, and
actionable recommendations for better decision-making.

Key Elements of Data-Driven Storytelling

1. Context: Introduce the business problem or objective. This sets the stage for the story.
Example:“A retail company noticed that monthly sales have been declining over the past three
quarters.”

2. Insights: Use data analysis to uncover patterns, trends, or root causes.
Example: Trend charts show that sales declined most sharply in urban stores, while online sales
remained stable. Root-cause analysis indicates a drop in foot traffic and promotional campaigns.

3. Visuals: Present data in clear, intuitive forms such as line charts, bar graphs, or heatmaps to make
patterns easy to understand.
Example: A line chart showing sales trends across regions highlights the urban stores’ decline.

4. Narrative: Explain the data findings in simple, actionable terms. Connect the evidence to business
implications.
Example:“The decline in urban store sales appears linked to reduced local promotions and increased
competition from online platforms.”

5. Recommendations: Suggest actionable steps based on the insights to improve outcomes.
Example: “Increase local marketing efforts, offer urban-specific promotions, and optimize in-store
experiences to regain customers.”

Example for Business Leadership: A marketing team presents a dashboard to executives showing a drop in
email campaign engagement. Using data-driven storytelling:

o Context: Engagement has dropped by 15% in the past month.

e Analysis: Certain segments open emails less frequently; subject lines with personalization perform
better.

o Insight: Personalized content drives higher engagement.
e Recommendation: Focus on segment-specific personalized campaigns.

o Impact: Expected 10% increase in engagement and leads over the next quarter.







