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SYLLABUS 

UNIT I – FOUNDATIONS OF ARTIFICIAL INTELLIGENCE AND DATA SCIENCE 

Artificial Intelligence: definition, meaning, major AI tasks and examples.- Short history of AI: 

McCulloch and Pitts, Alan Turing, Dartmouth workshop, symbolic AI, expert systems, AI 

winters, Machine Learning, Deep Learning and Generative AI. - What is Data? Data types: 

structured, semi-structured and unstructured data; basic data quality concepts. - What is Data 

Science? Interdisciplinary nature and major stages of a data-driven process. - Connection 

between AI, Data Science and Machine Learning; AI as a broad field, ML as a learning 

approach within AI, and Data Science as a data-focused discipline. - Introduction to AI&DS 

and AI&ML: focus areas, learning orientation and applications. 

UNIT II – MACHINE LEARNING AND DATA SCIENCE WORKFLOW 

Machine learning fundamentals: learning from examples; features, targets and models. - Basic 

ML tasks: classification, regression and clustering. - Learning approaches: supervised, 

unsupervised, reinforcement and introductory self-supervised learning. - Data Science 

workflow: problem understanding, data collection, preparation, exploration, modeling, 

evaluation and communication. - Data collection and data quality: accuracy, completeness, 

consistency, relevance and reliability. - Data cleaning: missing values, duplicates, inconsistent 

data and basic preparation for analysis. 

UNIT III – DATA VISUALIZATION, STATISTICS AND PYTHON TOOLS 

Data Visualization: purpose, importance and selection of suitable charts. - Basic charts and 

plots: bar chart, line chart, pie chart, histogram and scatter plot. - Basic statistics: mean, median, 

mode, range, variance, standard deviation and introductory interpretation. - Python 

fundamentals for data science: basic syntax, variables, data structures and introductory 

programming concepts. - Common tools and libraries: NumPy, pandas, Matplotlib, scikit-

learn, Jupyter and Git. - Basic data analysis activity using Python tools: loading, inspecting, 

cleaning and visualizing a small dataset. 

UNIT IV – MACHINE LEARNING, DEEP LEARNING AND GENERATIVE AI 

ML model training and testing; validation and basic evaluation concepts. - Overfitting, 

underfitting and generalization. - Neural Networks: basic structure, neurons, layers and 

learning concept. - Deep Learning: concept and relationship with neural networks and Machine 

Learning. - Natural Language Processing (NLP) and Computer Vision: basic concepts and 

applications. - Generative AI and Large Language Models (LLMs): basic idea, text/image 
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generation, transformers and prompting. - Generation versus retrieval and responsible use of 

Generative AI. 

UNIT V – APPLICATIONS, RESPONSIBLE AI AND FUTURE OF AI 

Real-world applications of AI and Data Science. - AI in education, healthcare and agriculture. 

- AI ethics: fairness, bias, privacy, transparency, explainability, human oversight and 

accountability. - Responsible AI and the importance of safe and appropriate use of AI systems. 

- Cyber security and AI: opportunities, risks and awareness. - Career opportunities, required 

skills and pathways in AI, Data Science, AI&DS and AI&ML. - Future of AI: edge AI, robotics, 

scientific AI and emerging opportunities. - Student learning roadmap: fundamentals, Python, 

data, ML, projects, responsible AI and continuous learning. 
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CHAPTER - 1 

1. Welcome to Data Science with Machine Learning 

 

 

Figure: Data Science with Machine Learning 

 

Artificial Intelligence (AI), Data Science (DS), and Machine Learning (ML) are three closely 

connected areas that are changing Engineering, Business, Science, Healthcare, Education, 

Transportation, Agriculture, and Communication.  

 

Think of this book as a bridge. In the first year, you learn what AI is, what data is, how 

computers learn from examples, how data is analyzed, and where these technologies are used. 

Later, when you enter an AI&DS or AI&ML programme, topics such as Python, statistics, 

databases, machine learning algorithms, deep learning, computer vision and Natural Language 

Processing will become easier because the basic ideas are already familiar. 
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Figure: Machine Learning Workflow for Beginners 

The central idea is simple: AI is about building systems that can perform tasks requiring 

intelligent behaviour; Data Science is about extracting useful knowledge from data; and 

Machine Learning is a major way of making AI systems learn patterns from data. 

By the end, you should be able to explain AI, Data Science, AI&DS and AI&ML in your own 

words, identify common applications, understand the basic workflow, recognize the skills 

needed for higher study, and think responsibly about the future of intelligent systems. 

 

 

Figure: Data Science Workflow for Beginners 
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1.1 What is Artificial Intelligence? 

 

 

Figure: Meaning of Artificial Intelligence 

Artificial Intelligence means designing computer systems that can perform tasks that normally 

require human-like intelligence. These tasks may include understanding language, recognizing 

images, and finding patterns, planning actions, making predictions, solving problems and 

supporting decisions. 

AI does not mean that a computer has become a human. A computer follows algorithms, 

processes information and produces outputs according to its design and training. Some AI 

systems are very good at a specific task while having no ability outside that task. 

For example, a face-recognition system can compare an image with stored patterns. 

A navigation application can estimate routes using maps, traffic information and algorithms.  

A voice assistant can convert speech into text and then identify the user's request.  

A recommendation system can analyze previous activity and suggest relevant content. 

AI has a long history. The modern field is generally associated with the 1956 Dartmouth 

workshop, where the term “artificial intelligence” was proposed and the field was established 

as a distinct research area. Important pioneers included John McCarthy, Marvin Minsky, 

Claude Shannon and others. Earlier work by Alan Turing and many researchers in mathematics, 

logic, statistics and computing also contributed to the foundations. 

AI can use several approaches. Rule-based systems use explicitly written rules. Search and 

planning methods explore possible actions. Machine learning allows a system to learn patterns 
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from examples. Deep learning uses multi-layer neural networks and is especially important for 

images, speech and language. 

1.2 A Short History of AI 
 

 

Figure: Antiquity of Artificial Intelligence 

Understanding history helps students see that AI did not suddenly appear with today's chatbots. 

Its development happened through many decades of ideas, experiments, successes and 

limitations. 

In 1943, Warren McCulloch and Walter Pitts proposed a mathematical model of an artificial 

neuron. In 1950, Alan Turing published the famous paper “Computing Machinery and 

Intelligence” and discussed whether machines could demonstrate intelligent behaviour. In 

1956, the Dartmouth summer research project helped establish Artificial Intelligence as a 

named research field. 

During the 1950s and 1960s, researchers explored symbolic reasoning, game playing, theorem 

proving and problem solving. Some early systems could perform impressive tasks in limited 

environments. However, computers had limited memory and processing power, and available 

data was small. 

During later periods, AI research experienced “AI winters”, when funding and public interest 

declined because systems did not meet ambitious expectations. Expert systems became 

important in the 1970s and 1980s. They represented knowledge using rules and were applied 

to specialized problems. 
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From the 1990s onward, statistical methods and machine learning became increasingly 

important. Large datasets, faster processors, the internet and improved algorithms changed the 

field. IBM Deep Blue defeated world chess champion Garry Kasparov in 1997. In 2012, deep 

neural networks achieved a major improvement in image classification performance. Later, 

transformer-based language models and generative AI brought AI into everyday applications. 

1.2.1 What is Data? 

 

Figure: Meaning of Data for AI 

Data is recorded information. It can be a number, word, image, sound, video, measurement, 

location, transaction, sensor reading or any other recorded observation. 

Engineering students already work with data. Marks in a spreadsheet are data. Temperature 

readings from a sensor are data. The speed of a vehicle measured every second is data. A 

photograph from a camera is data. A student's attendance record is data. A machine's vibration 

measurements are data. 

Data can be structured or unstructured. A table containing student names, departments and 

marks is structured data because it follows a clear format. Images, audio recordings, videos and 

free-form text are examples of unstructured data. Semi-structured data, such as JSON or XML, 

has some organization but does not always fit a simple table. 

Data also has different scales and meanings. A temperature value, a category such as “CSE”, 

and a yes/no response should not automatically be treated in the same way. Before analyzing 

data, we need to understand what each field represents. 
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Good data should be relevant, sufficiently accurate, and consistent and collected for a valid 

purpose. Poor-quality data can produce poor conclusions even when the analysis method is 

sophisticated. 

A useful engineering habit is to ask five questions: What is the data? Where did it come from? 

How was it collected? What does each value mean? What limitations or errors may exist? 

This foundation becomes important in both Data Science and Machine Learning. A model 

cannot magically correct every problem in its input. In many real projects, understanding and 

preparing data takes more effort than running the final algorithm. 

1.3 What is Data Science? 

 

Figure: Meaning of Data Science for Machine Learning 

Data Science is an interdisciplinary field that uses data, statistics, computing, domain 

knowledge and communication to obtain useful insights and support decisions. 

A Data Scientist may collect data, clean it, explore patterns, create visualizations, build 

predictive models, evaluate results and communicate findings. Data Science therefore includes 

much more than Machine Learning. 

 

Suppose an engineering college wants to understand student performance. Data may include 

attendance, internal assessment marks, laboratory performance, assignment completion and 

course outcomes. A Data Science workflow could combine these sources, remove errors, 

summarize the information, visualize trends and identify factors associated with performance. 

If appropriate, a Machine Learning model could later be built to predict a future outcome. 
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Data Science is often described as a cycle: ask a useful question, obtain data, clean it, explore 

it, analyze it, model it when needed, evaluate the result, communicate the finding and monitor 

what happens next. 

The word “science” is important because the process should be systematic. A chart or 

prediction is not automatically a fact. We should examine the quality of the data, assumptions, 

uncertainty and possible alternative explanations. 

Data Science is used in manufacturing, finance, healthcare, agriculture, education, 

transportation, sports, retail, cybersecurity, climate studies and many other fields. It can help 

organizations understand what happened, why it may have happened, what may happen next 

and what actions could be considered. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



The Future Data Science With Machine Learning 

ISBN: 978-81-182510-0-2 

11 

 

CHAPTER - 2 

2. AI, Data Science and Machine Learning — how are they connected? 

 

Figure: DS and ML Connected 

AI, Data Science and Machine Learning overlap, but they are not identical. Artificial 

Intelligence is the broadest idea in this group. It focuses on systems that can perform tasks 

associated with intelligent behaviour. Machine Learning is a major approach within AI in 

which algorithms learn patterns from data rather than relying only on hand-written rules. Data 

Science is a broader data-focused discipline. It includes collecting, cleaning, exploring, 

visualizing and communicating data, along with statistics and predictive modelling. Machine 

Learning may be used inside a Data Science project, but not every Data Science task requires 

Machine Learning. 

 

Imagine a smart traffic project. Data Science may collect and analyze traffic counts, travel 

times and weather information. Machine Learning may learn a model that predicts traffic 

volume. An AI system may use that prediction together with rules and other inputs to 

recommend traffic-control actions. 

Another example is an online learning platform. Data Science can summarize student activity. 

Machine Learning can predict which learning resource may be useful. AI techniques can 

support personalized interaction. 

A simple way to remember the relationship is: 

 AI ask: How can a machine perform an intelligent task? 
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 ML asks: How can a machine learn a useful pattern from examples? 

 Data Science asks: How can we obtain knowledge and value from data? 

There is no single rigid boundary between these fields. In modern engineering projects, they 

often work together.  

2.1 What is AI&DS? 

 

Figure: Meaning of AI&DS 

AI&DS stands for Artificial Intelligence and Data Science. It is an engineering-oriented 

academic area that combines intelligent computing with the collection, analysis and use of data. 

A typical AI&DS learning path may include programming, mathematics, probability and 

statistics, databases, data structures, data visualization, machine learning, artificial intelligence, 

deep learning, natural language processing, computer vision and data engineering. The exact 

curriculum varies by university. 

The important idea is that AI&DS connects two questions: “What can we learn from data?” 

and “How can intelligent systems use that knowledge?” 

For example, consider a manufacturing plant. Sensors generate temperature, pressure and 

vibration data. Data Science methods can clean and analyze those measurements. Machine 

Learning can identify patterns associated with equipment failure. AI techniques can support an 

alerting or decision support system. 
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AI&DS also emphasizes the complete data lifecycle. The goal of AI&DS is not simply to 

produce graphs or models. It is to use data responsibly to understand situations, discover 

patterns and build useful systems. 

2.2 What is AI&ML? 

 

Figure: Meaning of AI&ML for Beginners 

AI&ML means Artificial Intelligence and Machine Learning. In an academic programme with 

this focus, students generally study how intelligent systems can be designed and how 

algorithms can learn from data. 

Machine Learning is based on a simple idea: instead of programming every possible situation 

with explicit rules, provide examples and an algorithm that can learn a pattern. For example, 

rather than writing thousands of rules for identifying spam messages, a model can learn from 

examples of spam and non-spam messages. 

There are several major types of Machine Learning. In supervised learning, the training data 

contains known target answers, such as “spam” or “not spam”. In unsupervised learning, the 

algorithm looks for structure without a provided target, such as grouping similar customers. 

Reinforcement learning involves learning through interactions, actions and feedback or 

rewards. 

The field also requires mathematics. Students benefit from understanding vectors, matrices, 

probability, statistics, functions and basic calculus. Programming, especially Python, is another 

important foundation. 

AI&ML should not be seen as a replacement for Data Science. Both use data and Machine 

Learning, but their academic emphasis can differ. AI&ML commonly focuses more strongly 
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on learning algorithms and intelligent behaviour, while AI&DS often gives more emphasis to 

the complete data lifecycle and analytical use of data. 

2.2.1 Machine Learning: Learning from Examples 

 

Figure: Machine Learning Performance 

Machine Learning is a method for creating algorithms that improve their performance on a task 

by learning from data or experience. 

Consider a simple example: predicting the price of a house from its area. We collect historical 

examples where the area and actual price are known. A Machine Learning algorithm can learn 

a relationship between these variables. After training, the model can estimate the price of a new 

house. 

This example illustrates three important ideas: input features, a target and a model. The area is 

an input feature. The actual price is the target. The learned mathematical relationship is the 

model. 

In classification, the output is usually a category. For example, an email can be classified as 

spam or not spam. In regression, the output is a numerical value such as temperature or 

estimated demand. In clustering, data points are grouped based on similarity without a 

predefined target. 

A Machine Learning model should not simply memorize its training examples. It should 

generalize to new data. This is why data is commonly divided into training and testing sets. 

The model learns from the training set and is evaluated on data that was not used for learning. 

Overfitting occurs when a model learns the training data too closely and performs poorly on 

new data. Underfitting occurs when the model is too simple to capture useful patterns. 
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The engineering mindset is important: define the problem clearly, select meaningful data, 

choose an appropriate method, evaluate performance and understand limitations. A high 

numerical score alone does not prove that a model is useful in the real world. 

2.3 Supervised, Unsupervised and Reinforcement Learning 

The three broad learning styles introduced to beginners are supervised learning, unsupervised 

learning and reinforcement learning. 

Supervised learning uses examples with known answers. Suppose we have images labeled 

“cat” and “dog”. The algorithm learns a relationship between image features and labels. 

Common supervised tasks include classification and regression. 

 

Figure: Machine Learning - Oversee 

Unsupervised learning does not require labeled answers. The algorithm searches for patterns 

or groups within the data. Clustering is a common example. A retail company might group 

customers according to purchasing behaviour without manually assigning the groups in 

advance. 

Reinforcement learning is different. An agent interacts with an environment, takes actions and 

receives feedback. Over repeated interactions, it learns a strategy that aims to maximize 

cumulative reward. This approach has been used in games, robotics and control research. 

These categories are useful for learning, but modern AI can combine ideas. Semi-supervised 

learning uses a mixture of labeled and unlabeled data. Self-supervised learning creates learning 

signals from the data itself and has become important in language and vision systems. 
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CHAPTER - 3 

3. The Data Science Workflow 

 

Figure: Data Science - Workflow in Data Analysis 

 

A Data Science project usually follows a sequence of connected activities. The exact order can 

change, but the overall workflow is useful for beginners. 

Step 1: Define the problem. A vague question produces vague analysis. Instead of saying 

“analyze students”, define a question such as “What factors are associated with assignment 

completion?” 

Step 2: Collect data. Sources may include databases, surveys, sensors, application logs, public 

datasets or experiments. 

Step 3: Clean the data. Missing values, duplicates, incorrect formats, inconsistent units and 

impossible values should be examined. 

Step 4: Explore the data. Summary statistics and visualizations help identify distributions, 

relationships, unusual values and possible patterns. 

Step 5: Prepare features. Data may need transformation before modelling. Text can be 

converted into numerical representations; dates can be separated into useful components; 

numerical values may need scaling for some algorithms. 

Step 6: Build a model when appropriate. A Machine Learning model is one possible analytical 

tool. 
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Step 7: Evaluate. Use suitable metrics and test data. Ask whether the evaluation reflects the 

real problem. 

Step 8: Communicate. A technically correct analysis has limited value if users cannot 

understand the result. 

Step 9: Deploy and monitor when the project is operational. Data and real-world conditions 

can change, so models may need updating. 

3.1 Data Collection and Data Quality 

 

Figure: Data Collection Technic and Learning 

Data quality is one of the foundations of reliable Data Science and Machine Learning. A 

sophisticated model trained on unreliable data can produce unreliable results. 

Data can come from sensors, databases, forms, websites, applications, experiments, cameras, 

microphones and many other sources. The method of collection affects what conclusions can 

reasonably be drawn. 

Common quality problems include missing values, duplicate records, inconsistent spelling, 

incorrect units, measurement errors and outliers. For example, a temperature column might 

contain both Celsius and Fahrenheit values. A student's department might appear as “CSE”, 

“Computer Science” and “C.S.”. These differences can create errors during analysis. 

Data quality also includes representativeness. If data comes only from one small group, the 

results may not apply to a much larger population. Sampling methods therefore matter. 
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Data should be collected and used responsibly. Personal information should be protected, and 

organizations should have a legitimate purpose for collecting data.  

A simple quality checklist is: accuracy, completeness, consistency, relevance, timeliness and 

validity. 

Before building a model, create a data dictionary describing each variable, its meaning, unit, 

possible values and source. This small step can prevent major mistakes later. 

Remember: “More data” does not automatically mean “better data”. A smaller, well-

understood dataset can sometimes be more useful than a huge dataset with unclear meaning or 

serious quality problems. 

3.2 Data Cleaning 

Data cleaning means identifying and correcting or appropriately handling problems in a dataset 

before analysis. Common tasks include removing duplicate records, correcting inconsistent 

formats, handling missing values, checking ranges, standardizing categories and identifying 

unusual observations. 

Suppose a dataset contains an age column. Values such as 20, 21 and 19 may be reasonable for 

a student dataset, while 250 is likely an error. The correct action is not always simply to delete 

it. We should investigate how the value was created and decide whether it is a data-entry error, 

a legitimate special case or an unknown value. 

 

 

Figure: Handling Method of Data Cleaning 
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Missing values also require care. Sometimes a missing value can be replaced with a suitable 

statistic such as the median. In other cases, the record may need to be excluded or the 

missingness itself may carry information. The correct method depends on the context. 

Data leakage is another important problem.  

Information that would not be available at prediction time must not accidentally enter the 

training process. Otherwise, the evaluation can look unrealistically good. 

Cleaning should be reproducible. Instead of manually changing hundreds of spreadsheet cells, 

use documented steps or code that can be repeated on new data. 

3.3 Data Visualization 

Data visualization converts numerical or categorical information into graphical form so that 

patterns can be easier to see. Common charts include bar charts, line charts, histograms, scatter 

plots and box plots. Each has a purpose. A bar chart can compare categories. A line chart can 

show change over time. A histogram can show the distribution of numerical values. A scatter 

plot can show the relationship between two numerical variables. 

 

 

Figure: Data visualization into graphical form 

Good visualization is not decoration. It is a method of reasoning. A graph may reveal a trend, 

an unusual observation or a difference between groups that is difficult to notice in a table. 
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However, a graph can also mislead if axes are truncated, categories are poorly chosen, scales 

are inconsistent or too much information is displayed at once. A clear title, meaningful labels 

and appropriate units are important. 

For example, if you want to understand monthly electricity consumption in a laboratory, a line 

chart may show whether consumption rises during particular periods. If you want to compare 

average consumption across laboratories, a bar chart may be more suitable. 

Students should learn to interpret charts as well as create them. Ask: What is being measured? 

What is the unit? What is the time period? What population is represented? Does the chart show 

correlation, or is someone incorrectly treating it as proof of causation? 

Tools such as Excel, Python libraries and business intelligence platforms can help create 

visualizations. Later, Data Science courses may introduce libraries such as Matplotlib, Seaborn 

or Plotly. The goal is simple: make data easier to understand without distorting what the data 

actually says. 

3.3.1 Statistics: The Language behind Data 

 

 

 

Figure: Language Technic in Machine Learning 

Statistics provides tools for summarizing data, measuring uncertainty and studying 

relationships. It is an important foundation for Data Science and Machine Learning. The mean 
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is the arithmetic average. The median is the middle value after sorting the observations. The 

mode is the most frequently occurring value. These measures describe different aspects of a 

dataset. 

Spread is also important. Range gives the difference between the maximum and minimum. 

Variance and standard deviation describe how much values tend to vary around the mean. 

Probability provides a mathematical way to describe uncertainty. If a system has several 

possible outcomes, probability helps quantify how likely they are. 

Correlation describes the degree to which two variables move together. For example, study 

time and exam marks may show some relationship in a particular dataset. However, correlation 

alone does not prove that one variable causes the other. Other factors may influence both. 

Sampling is another important idea. Often, we cannot measure an entire population, so we 

study a sample. The way that sample is selected affects the reliability and generalizability of 

conclusions. 

3.3.2 Python and Tools for AI & Data Science 

 

Figure: Programming Languages in AI 

Python is one of the most widely used programming languages in AI, Data Science and 

Machine Learning education. Its simple syntax and large ecosystem make it suitable for 

beginners and professionals. A beginner should begin with variables, data types, operators, 

conditional statements, loops, functions, lists, dictionaries, files and basic error handling. The 

goal is not to memorize every Python feature. The goal is to learn how to express a solution 

clearly. 
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For Data Science, students will encounter libraries such as NumPy for numerical computing, 

pandas for tabular data manipulation, Matplotlib and other visualization tools for graphs, and 

scikit-learn for many Machine Learning algorithms. Jupiter Notebook is also commonly used 

because code, explanations, tables and graphs can be kept together. Version control systems 

such as Git help track changes in software projects. 

Beginner should also understand that tools are not the subject itself. Knowing how to call a 

library function is different from understanding why a method is appropriate. 

A good beginner exercise is to load a small dataset, inspect its columns, calculate summary 

statistics, create two or three graphs and write a short interpretation. Later, the same workflow 

can be extended into a Machine Learning model. 

Other programming languages such as R, Java, C++, SQL and JavaScript can also be useful 

depending on the role. SQL is particularly important for working with databases. 

The best first-year strategy is to build strong programming logic. Once your problem-solving 

foundation is strong, learning a new AI library becomes much easier. 
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CHAPTER - 4 

4 Machine Learning Model: Training and Testing 

 

Figure: Training and Testing in Machine Learning 

A Machine Learning model should be evaluated on data that represents the situations where it 

will actually be used. Suppose we have 1,000 labeled examples. We might use part of the data 

for training and keep another part for testing. The model learns from the training set. The test 

set is held back until evaluation. 

The reason is simple: if we evaluate on the same examples used for training, the result may 

only show how well the model memorized those examples. We want evidence about how it 

performs on unseen data. 

A validation set may also be used during development to select models or tune settings. In 

many workflows, cross-validation is used to obtain a more reliable estimate from limited data.  

For classification, common evaluation measures include accuracy, precision, recall and F1-

score. Accuracy is the fraction of correct predictions, but it can be misleading when classes are 

highly imbalanced. For example, if only 1% of cases are positive, a model that always predicts 

negative can have high accuracy while being useless for detecting positive cases. 

For regression, measures such as mean absolute error and mean squared error are commonly 

used. 
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4.1 Overfitting, Underfitting and Generalization 

 

 

Figure: Overfitting, Underfitting and Generalization in ML Model 

A Machine Learning model should learn useful patterns rather than memorize accidental 

details. Overfitting occurs when a model performs very well on training data but poorly on new 

data. It may have learned noise or overly specific relationships. Underfitting occurs when the 

model is too simple to capture important patterns. 

Imagine a student preparing for an examination by memorizing only the exact questions from 

one practice sheet. The student may perform well if the exam repeats those questions but 

struggle with new questions. This is a simple analogy for overfitting. 

Generalization is the ability of a model to perform reasonably well on new, unseen examples. 

Several techniques can reduce overfitting. More representative training data can help. Simpler 

models may generalize better. Regularization methods penalize excessive complexity. Cross-

validation helps compare models more reliably. Feature selection can remove irrelevant 

variables. 

Data leakage can also create an illusion of excellent performance. For example, if information 

from the test set influences training, the test result is no longer an independent measure. 
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4.2 Neural Networks and Deep Learning 

 

Figure: Neural Networks and Deep Learning in Machine Learning 

models 

Neural networks are Machine Learning models inspired loosely by the way biological neurons 

process signals. They are mathematical systems made from connected units arranged in layers. 

A basic neural network contains an input layer, one or more hidden layers and an output layer. 

Each connection has a weight. During training, the model adjusts these weights to reduce the 

difference between its predictions and the desired outputs. 

 

Deep Learning refers broadly to neural networks with multiple layers. Deep networks have 

become highly successful for image recognition, speech processing, language tasks and other 

applications because they can learn complex representations from large datasets. 

For example, in image recognition, early layers may learn simple visual patterns such as edges. 

Deeper layers can combine these patterns into more complex structures. In language 

applications, neural networks can learn representations of words and relationships between 

parts of text. 
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Training typically involves a loss function, an optimization method and repeated updates to 

model parameters. Backpropagation is a key method used to calculate how changes in 

parameters affect the loss. 

4.2.1 Natural Language Processing and Computer Vision 

 

Figure: Natural Language Processing in AI 

Two important areas of AI are Natural Language Processing (NLP) and Computer Vision. 

NLP focuses on enabling computers to process and work with human language. Applications 

include translation, speech-to-text, text classification, search, and summarization, question 

answering and conversational systems. Modern NLP often uses neural networks and large 

language models. 

Computer Vision focuses on extracting useful information from images and video. 

Applications include object detection, image classification, quality inspection, medical-image 

analysis, document scanning and robotics. 

Although the applications look different, both areas follow a similar high-level pattern: obtain 

data, represent it in a form suitable for computation, train or configure a system, evaluate it and 

use the output for a defined task. 



The Future Data Science With Machine Learning 

ISBN: 978-81-182510-0-2 

27 

 

For NLP, the raw input may be text or speech. The system may convert the input into numerical 

representations and then process relationships among words or tokens. For Computer Vision, 

images are represented as arrays of pixel values, and models can learn visual patterns. 

4.3 Generative AI and Large Language Models 

 

Figure: Generative in Al Language 

Generative AI refers to AI systems that can create new content such as text, images, audio, 

video or code based on patterns learned from data. Large Language Models (LLMs) are a class 

of models trained on large collections of text. They learn statistical and semantic relationships 

among tokens and can generate text in response to prompts.  

Transformer architectures have played a major role in modern language models. A search 

engine primarily retrieves or points to existing information. A generative model produces a 

new sequence based on its learned patterns and the input context. Some practical systems 

combine generation with retrieval from external sources. 

Generative AI can help with drafting, summarization, tutoring, coding assistance, translation, 

brainstorming and many other tasks. It can also produce incorrect information, so outputs 

should be checked, especially for technical, legal, medical or academic use. 
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Prompting is the practice of giving useful instructions and context to an AI system. Good 

prompts often specify the task, audience, constraints, desired format and relevant information. 

4.4 Real-World Applications of AI and Data Science 

 

Figure: AI and DS - Real World Application 

AI and Data Science are used across many sectors. In healthcare, systems can assist with image 

analysis, risk prediction, hospital operations and research. Such applications require careful 

validation because errors can have serious consequences.  
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In agriculture, data from weather stations, satellites and field sensors can support crop 

monitoring, irrigation planning and disease detection. 

In manufacturing, sensor data can be used for predictive maintenance, quality inspection and 

process optimization. A model may identify patterns that occur before a machine failure. 

In transportation, algorithms can support route planning, traffic prediction, fleet management 

and driver assistance. In logistics, Data Science can help estimate demand and optimize 

delivery operations. 

In education, analytics can help institutions understand attendance, course performance and 

learning patterns. AI-based tutoring systems can provide personalized practice, but educational 

decisions should still involve appropriate human oversight. 

In cybersecurity, Machine Learning can identify unusual network or system behaviour. 

However, attackers can adapt, so security models require continuous evaluation. 

In business and retail, recommendation systems, demand forecasting, customer segmentation 

and fraud detection are common applications. 

In science and engineering, AI can help analyze large datasets, optimize experiments and model 

complex systems. 

The common pattern is more important than memorizing the list. Every successful application 

begins with a real problem, appropriate data, a suitable method, evaluation and a plan for 

responsible deployment. 

AI is not automatically useful simply because it is advanced. Engineers should ask whether the 

technology solves a real problem better, safer or more efficiently than available alternatives. 
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CHAPTER - 5 

5 AI in Education, Healthcare and Agriculture 

 

Figure: Major work in AI 

Three areas illustrate how AI can create opportunities while also requiring careful judgment. 

Education: Data Science can analyze learning activity, identify students who may need 

additional support and help institutions evaluate courses. AI systems can provide practice 

questions, explanations or language assistance. However, student data is sensitive, and 

automated predictions should not be treated as unquestionable judgments about an individual. 

 

Healthcare: AI can support medical image analysis, clinical research, patient scheduling and 

operational planning. Some models may identify patterns that are difficult to notice manually. 

But healthcare applications require appropriate clinical validation, privacy protections and 

human responsibility. A model's output is not automatically a medical diagnosis. 

 

Agriculture: Sensors, satellite images and weather data can help monitor crops, estimate 

irrigation requirements and detect possible disease or stress. Data-driven agriculture can 
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support better resource use. Yet local soil conditions, farmer knowledge and changing weather 

must be considered. 

These examples demonstrate a key engineering principle: context matters. The same algorithm 

can have very different consequences in different domains. 

5.1 Ethics, Bias, Privacy and Responsible AI 
 

 

Figure: AI Responsible for Beginners 

AI systems affect people, so technical skill must be combined with responsibility. Bias can 

enter a system through the data, problem definition, measurement process, model design or 

deployment environment. If training data does not adequately represent the population where 

a system is used, performance may differ across groups. 

 

Privacy is another major issue. Data may contain names, locations, contact information, health 

information, educational records or other sensitive details. Engineers should collect and use 

only information that is appropriate for the stated purpose and should apply suitable security 

measures. 

Transparency and explainability can matter when people are affected by automated decisions. 

The level of explanation needed depends on the application. A simple recommendation system 

and a high-stakes decision-support system should not necessarily be treated in the same way. 
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Security is also part of responsible AI. Models and data can be attacked or manipulated. 

Systems should be tested against realistic failure and misuse scenarios. 

Human oversight is important. A model can be statistically accurate and still be unsuitable for 

a particular decision. Engineers should define who reviews outputs, what happens when the 

model is uncertain and how errors are corrected. 

5.1.1 Cybersecurity and AI 

 

Figure: Cybersecurity in Machine Learning 

AI and cybersecurity influence each other in both positive and negative ways. Security teams 

can use Machine Learning to identify unusual patterns in network traffic, detect suspicious 

behaviour, classify malicious files and prioritize alerts. Data Science can help summarize large 

numbers of security events so analysts can focus on important cases. 

At the same time, attackers can use automation and AI-assisted tools to create new threats. 

Models can also be attacked directly. For example, carefully designed inputs may cause a 

model to make an incorrect prediction. 

This creates a continuous engineering challenge. Security systems should be tested under 

changing conditions rather than assuming that past performance will continue forever. 
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Students should learn basic cybersecurity principles early: strong authentication, least 

privilege, secure coding, encryption, safe data handling, software updates and careful access 

control. 

When using datasets for AI projects, protect credentials and confidential information. Do not 

upload private institutional or personal data to an external AI service without authorization. 

5.2 Careers and Skills in AI, Data Science and ML 

 

Figure: Careers Skills in AI 

The AI and Data Science ecosystem contains many roles. Job titles vary between organizations, 

but common areas include Data Analyst, Data Scientist, Machine Learning Engineer, AI 

Engineer, Data Engineer, MLOps Engineer, Computer Vision Engineer, NLP Engineer, 

Researcher and AI product roles.  

Programming: Learn Python well and develop problem-solving skills. 

Mathematics: Strengthen algebra, functions, matrices, probability, statistics and later calculus. 

Data: Learn how tables, databases, files and data pipelines work. 

Communication: Be able to explain a technical result clearly to a non-specialist. 

Engineering: Learn testing, version control, documentation, debugging and basic software 

design. 
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Domain knowledge: AI is used in specific fields such as manufacturing, healthcare, 

agriculture, finance and transportation. Understanding the domain helps define better 

problems. 

Responsible practice: Learn privacy, security, fairness, validation and human oversight. 

5.2.1 The Future of AI, Data Science and ML 

 

Figure: Future of AI- Data Science and Machine Learning 

The future of AI will likely involve deeper integration with engineering systems, software 

products, scientific research and everyday tools. However, the exact direction and speed of 

change are uncertain.AI systems are becoming more capable in language, vision, code 

generation, planning and multimodal tasks. Data Science is also evolving as organizations 

collect data from sensors, applications and digital services. Machine Learning is increasingly 

combined with traditional software engineering, databases and domain-specific systems. 

Future engineers may work with AI assistants as part of normal development workflows. At 

the same time, human skills such as problem formulation, verification, communication, 

creativity, domain understanding and responsibility will remain important. 

Edge AI may allow models to run closer to sensors and devices, reducing latency and 

sometimes improving privacy. Robotics may combine perception, planning and control. 
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Scientific AI may support simulations and discovery. AI-enabled healthcare, agriculture, 

manufacturing and education may continue to develop. 

There will also be challenges: energy consumption, data quality, privacy, security, 

misinformation, intellectual property, workforce changes and unequal access to technology. 

Engineers will need to design systems that are not only capable but also reliable and appropriate 

for their context. 

5.3 Final Roadmap: to AI Engineer 

 

Figure: Roadmap: to AI Beginners 

Beginners: Start with fundamentals. Learn programming logic and Python. Practice 

mathematics and statistics regularly. Learn how data is represented, stored, cleaned and 

visualized. Understand the difference between AI, Data Science and Machine Learning. 

Next, build small projects. Do not wait until you know every algorithm. A simple project can 

teach more than memorizing definitions. Keep your code, graphs, observations and limitations 

organized. 

Predictable deeper subjects. It may study data structures, databases, probability, statistics, and 

machine learning algorithms, artificial intelligence, software engineering and domain-specific 

applications. If you pick AI&DS, you may go deeper into data analytics, data engineering and 

visualization. If you choose AI&ML, you may go deeper into learning algorithms, neural 

networks and intelligent systems. There is substantial overlap, so the common foundation 

remains valuable. 
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In later years, explore advanced topics such as deep learning, NLP, computer vision, 

generative AI, reinforcement learning, MLOps, cloud computing and responsible AI. Choose 

projects connected to a real problem. 

A simple roadmap is: 

Year 1 → Python + Mathematics + Statistics + AI/DS/ML fundamentals 

Year 2 → Data Structures + Databases + ML/AI foundations + Projects 

Year 3 → Deep Learning + Specialized AI + Data Engineering + Real-world Projects 

Year 4 → Advanced projects + Internship + Research/Industry preparation 

Remember the three core ideas: 

1. AI builds systems that perform intelligent tasks. 

2. Data Science turns data into useful knowledge. 

3. Machine Learning learns patterns from data. 

If these three ideas are clear, you have a strong starting point for the next stage of your 

engineering education. 
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HOW AI WILL CONTRIBUTE TO IMPROVING OUR WORLD IN THE 

FUTURE 

 

 AI-Powered Early Disease Diagnosis: Advanced algorithms will analyze 

medical data to detect subtle signs of disease much earlier than current 

methods. 

 Personalized Medicine & Genomics: AI will tailor treatments to 

individual genetic profiles, improving outcomes and reducing side 

effects. 

 Accelerating New Drug Discovery: AI models will significantly speed up 

the research and development process for new medications and 

therapies. 

 Brain-Computer Interface Breakthroughs: Neural interfaces enhanced 

by AI will create new possibilities for medical treatment and cognitive 

enhancement. 

 Optimizing Renewable Energy Grids: AI will manage and distribute 

energy from variable solar and wind sources efficiently, reducing 

reliance on fossil fuels. 

 Precision Climate & Weather Modeling: Advanced predictive models will 

improve climate forecasting and weather disaster warnings. 

 Sustainable Precision Agriculture: AI will optimize planting, 

fertilization, and harvesting, reducing waste and increasing food 

security. 

 Advanced Waste Management & Recycling: AI-driven robots will 

efficiently sort waste, improving recycling rates and reducing landfill 

use. 

 Hyper-Personalized Adaptive Learning: Educational systems will adapt 

to individual student learning styles, improving outcomes and 

accessibility. 

 Real-Time Global Language Translation: AI will provide seamless 

communication across languages, fostering international collaboration. 

 Co-Creation in Arts & Design: Generative AI tools will assist and 

augment human creativity in fields from music to architecture. 
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 Automating Repetitive Tasks, Empowering Humans: By taking over 

tedious work, AI will free up human time for more complex, creative, 

and strategic endeavors. 

 Integrated Smart City Design: Urban environments will use AI to 

manage traffic, optimize infrastructure, and improve public services. 

 Optimizing Supply Chain Efficiency: Predictive logistics will minimize 

waste and streamline global delivery networks. 

 Predicting & Managing Global Disasters: AI will enhance prediction 

capabilities for earthquakes, floods, and other natural events, aiding in 

effective disaster response. 

 

 

“How Next-Gen Artificial Intelligence Delivers Global Impact” 
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TEXT BOOK 

1. Stuart Russell and Peter Norvig, Artificial Intelligence: A Modern 

Approach, 4th Edition, Pearson. 

2. Aurélien Géron, Hands-On Machine Learning with Scikit-Learn, Keras, 

and TensorFlow, 3rd Edition, O’Reilly Media. 

3. Jake VanderPlas, Python Data Science Handbook, 2nd Edition, 

O’Reilly Media. 
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3. Ian Goodfellow, Yoshua Bengio and Aaron Courville, Deep Learning, 
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ONLINE RESOURCES 

Python Documentation 

NumPy Documentation 

pandas Documentation 

Matplotlib Documentation 

scikit-learn Documentation 

Jupyter Documentation 

TensorFlow Documentation 

PyTorch Documentation 

 

EXPECTED LEVEL OF BEGINNER’S LEARNING 

The course is designed as a beginner’s foundation course. It does not require 

advanced mathematics or advanced programming as a prerequisite. Students 

are expected to develop conceptual understanding, basic tool awareness and 

an interest in further learning rather than mastery of advanced AI/ML 

algorithms. 
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Why Should I Present a Diagram First for Each Topic? 

Presenting a diagram at the beginning of each topic helps AI beginners easily 

identify, understand, and visualize the core concept before reading the 

detailed explanation. Diagrams communicate complex ideas in a simple, 

clear, and engaging way, making learning easier and improving students’ 

conceptual understanding and memory. Each diagram provides a visual 

overview of the topic, helping students understand its purpose, key 

components, and practical applications before exploring the content in detail. 

Therefore, every topic in this book begins with a relevant diagram to 

promote visual learning, simplify technical concepts, and create a strong 

foundation for understanding Artificial Intelligence, Data Science, and 

Machine Learning. 

 

 

 




