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Section A: [ 40 Marks]

This section contains THREE questions; Answer any TWO questions from this section.

Question 1: [20 Marks]

As the team leader, you are in charge of creating a virtual personal assistant (VPA) for a leading healthcare provider. The VPA seeks to improve patient care and simplify administrative duties for medical professionals by offering individualised support and automating routine processes. 
Patient support, and clinical assistance are the two functional areas of this healthcare VPA allocated to your team.
The patient support area involves assistance with scheduling appointments, medication reminders, monitoring symptoms and accessing essential health information and resources. In clinical assistance, the VPA can access patient records, retrieve medical information and assist in clinical decision making. Real-time patient status updates, efficient communication between healthcare teams, and seamless integration with electronic health record (EHR) systems are all expectations of the VPA. 
To ensure the effective deployment of the VPA in a healthcare setting, your team needs to address a number of difficulties pertaining to Artificial intelligence, Ethics and implementation.
Select any ONE of the above functional areas to answer the following questions:
1.1 State the functional area that you have selected and explain how the concepts of Weak AI and Strong AI apply to the development of the healthcare VPA to perform the tasks related to the functional area. 				[4 Marks]
1.2 Discuss any one specific functionality of the VPA that addresses the selected functional area that aligns with Weak AI characteristics.			[3 Marks]
1.3 Discuss any one potential avenue  the VPA could take to develop strong AI capabilities to perform the selected functional area.	            	[3 Marks]
1.4 Define the PEAS (Performance Measure, Environment, Actuators, Sensors) characteristics of the healthcare VPA necessary to perform the selected functional area.								[6 Marks]
1.5 Discuss the ethical considerations and potential risks associated with using Strong AI versus Weak AI in the selected functional area of the healthcare VPA.											[4 Marks]
						
			
[bookmark: _Hlk159193930]Question 2: [20 marks]

Consider ”Connect Four," a game (Figure 1) where two players alternately drop coloured discs into a vertical grid to build a line of four discs of the same colour that is either horizontal, vertical, or diagonal.
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Figure 1: Connect Four Demo

Considering the following four factors of the “Connect Four” Game.
i. [bookmark: _Hlk160443567]Large branching factor and complex game state.
ii. The level of strategy required to both create and obstruct potentially winning lines. 
iii. Incomplete information and unpredictability of movements by opponents
iv. The dynamic nature of the game

A* and Monte Carlo Tree Search (MCTS) are the two popular search algorithms in Artificial Intelligence (AI).

2.1. Explain why A* might face challenges in guiding the AI decision-making in "Connect Four."  Consider the above four factors in your answer.  [10 Marks]			   
2.2. Discuss how MCTS addresses the four factors, which makes it a good choice for making decisions in the Connect Four Game.  			          [10 Marks]

[bookmark: _Hlk160479568]Question 3: [20 Marks]

3.1 In the connect-four game, the Upper Confidence Bound (UCB) is used for Monte Carlo Tree Search node selection during the traversal phase. At a specific node, i, the following statistics were observed:
· The average reward for node i is observed as 0.8, the total number of visits to node i is 15 and the total number of visits to the parent node is 80.
Calculate the UCB value for node, i with a tuning parameter, 1.5 for exploration and exploitation. Use the attached formula sheet (appendix A) for selecting the correct equation. 								[8 Marks]

3.2	You are tasked with developing a machine learning model for a set of real-world problems outlined in Table 1, below. For each problem:
i) identify the most suitable learning mechanism (supervised, unsupervised or reinforcement learning) and,					
ii) provide reasoning for your choices.	 															[4x3=12 Marks]
Table 1: Learning problems.
	No
	Learning problem

	3.2.1 
	Detecting unauthorized transactions in credit card data to stop financial losses, shield customers from identity theft, and keep the financial system trustworthy.


	3.2.2
	Organizing a large collection of documents into relevant groups or categories according to their subjects, content, and themes in order to make content recommendation and information retrieval easier.


	3.2.3
	Recommending products to users based on their preferences, purchase and browsing history, and demographic information to enhance user experience and increase sales in e-commerce, retail, and media industries.


	3.2.4
	Optimizing inventory levels and supply chain operations to minimize costs while meeting customer demand.



										



Section B [40 Marks]

Question 4: [40 Marks]
You have been assigned with a task of developing a predictive model to assess the student application for a University admission department. The dataset contains features such as Grade Point Average (GPA), standardized test scores, extracurricular activities and recommendations letters along with a label indicating whether the applicant was accepted or rejected.
The features included are:
· GRE Scores: (out of 340)
· TOEFL Scores: (out of 120)
· University Rating: It indicates the Bachelor University ranking (out of 5)
· Statement of Purpose Strength (SOP): (out of 5)
· Letter of Recommendation Strength (LOR): (out of 5)
· Undergraduate GPA (CGPA): (out of 10)
· Research Experience: (either 0 or 1)
· Chance of Admission: (0 or 1) [Target variable]

 As a data scientist, your task is to implement an Artificial Neural Network (ANN) to accurately classify student applications as accepted or rejected based on the given features. 
Figure 2 demonstrates the first five rows of the data.
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Figure 2: First five rows of data
[bookmark: _Hlk160480666]

4.1 Explain the stages for building the Neural Network architecture you would propose for assessing student applications.																[10 Marks]


4.2   	Data preparation is an important stage for training the ANN model. Figure 3 shows the information about the data. 
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Figure 3: Data information


Study the given information in Figure 3 and answer questions from 4.2.1 to 4.2.3. 
4.2.1 The dimension of data in terms of number of observations and columns. [1 Mark]

4.2.2 Number of columns with missing values.					   [1 Mark]

4.2.3 The simplest method of handling missing values is generally removing the data points with missing values entirely from the dataset. Despite being simple to implement and straightforward to use, this strategy is not recommended. Describe two situations in which missing values can be handled using this method.										[2 Marks]

4.3 	Based on the information provided explain why the objective of predicting student admissions can be considered as a classification problem and list the essential components needed to define the classes and features of this task.	[4 Marks]

4.4  Identify the best output activation functions that would be suitable for this classification problem and explain how the selection of the activation function impacts the output of the student admission prediction model. 		[6 Marks]	
4.5 	Explain overfitting in the context of the proposed ANN model and describe two consequences of overfitting on the performance of the proposed model.	
[4 Marks] 
						
4.6 	The proposed model was trained with a dataset containing 200 student applications out of which 150 were correctly classified as accepted, 30 were incorrectly classified as accepted but were actually rejected, 15 were incorrectly classified as rejected but were actually accepted and 5 were correctly classified as rejected. 

4.6.1. Complete the following confusion matrix by identifying the values of True Positive (TP), False Positive (FP), False Negative (FN) and True Negative (TN).               
                                                                                                                        [4 Marks]

	[bookmark: _Hlk160461692]
	Predicted

	Actual 
	
	Accepted
	Rejected 
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4.6.2	Based on the confusion matrix in question 4.6.1, calculate the precision, recall and F1-score (with a Beta value of 2) of the proposed ANN model and interpret the results. Use the attached Formula sheet (appendix A) for selecting the correct equation.								 [8 Marks]
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Appendix A:  Formula Sheet
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RangeIndex: 500 entries, © to 499
Data columns (total 8 columns):

#  Column Non-Null Count Dtype
@ GRE Score 500 non-null int64
1 TOEFL Score 500 non-null int64
2 University Rating 500 non-null int64
3 SOP 500 non-null float64
4 LOR 500 non-null float64
5 CGPA 500 non-null float64
6 Research 500 non-null int64
7  Admit 500 non-null int64

dtypes: float64(3), int64(5)
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GRE Score TOEFL Score University Rating SOP LOR CGPA Research Admit
0 337 118 4 45 45 965 1 1
1 324 107 4 40 45 887 1 0
2 316 104 3 30 35 800 1 0
3 322 110 3 35 25 867 1 0
4 314 103 2 20 30 821 0 0




