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Data Science from Scratch: First Principles with Python

In a world saturated with buzzwords, “data science” often feels like a black box that magically turns raw numbers

into gold. Yet at its core, data science is a disciplined practice of asking questions, gathering evidence, and building

models that reveal patterns. If you’ve ever wanted to start a career in data science but feel overwhelmed by the

sheer volume of tutorials, libraries, and jargon, this guide will walk you through the fundamentals from the ground

up. We’ll break down the concepts into clear, manageable steps, all while using Python—one of the most

accessible and powerful tools in the field.

Why Start from First Principles?

Learning “from scratch” means building a strong conceptual foundation before diving into code. It helps you avoid

the trap of memorizing functions without understanding why they work. When you grasp the underlying

mathematics, statistics, and logic, you can adapt to new libraries, troubleshoot bugs, and innovate beyond the

examples you’ve seen.

Why Python?

Python’s readability, extensive ecosystem (NumPy, pandas, scikit �learn, TensorFlow, PyTorch), and community

support make it the lingua franca of data science. Whether you’re a beginner or a seasoned programmer, Python’s

syntax is intuitive enough to let you focus on the science rather than the language’s intricacies.

1. Setting the Stage: Environment and Tools

Before we dive into data, let’s get a clean, reproducible environment ready. A consistent setup saves time and

reduces frustration.

1.  Install Python 3.10+ – Download the latest stable release. On macOS and Linux, you can use a package 

manager (brew, apt, yum). On Windows, the installer will add Python to your PATH.

2.  Choose an Integrated Development Environment (IDE) – VS Code, PyCharm, or Jupyter Notebook are 

popular choices. Jupyter’s interactive cells are great for exploratory work.

3.  Create a Virtual Environment

python -m venv ds-env

source ds-env/bin/activate  # On Windows: ds-env\Scripts\activate

This isolates your project’s dependencies from the global Python installation.

4.  Install Core Libraries

pip install numpy pandas matplotlib seaborn scikit-learn jupyter

You’ll expand this list later as needed.

5.  Launch Jupyter Notebook

jupyter notebook

Open a new notebook and name it “Data Science from Scratch.”



2. The Data Science Workflow

Think of data science as a cycle of five key stages:

1.  Define the problem

2.  Collect and clean data

3.  Explore and analyze

4.  Model and evaluate

5.  Communicate results

We’ll walk through each stage, grounding the discussion in first �principle concepts and practical Python examples.

2.1 Define the Problem

Every project starts with a question: What do we want to learn or predict?A clear objective guides data collection,

feature engineering, and model selection. For instance, “Predict house prices in a city” is a regression problem,

whereas “Classify emails as spam or not” is a classification problem.

2.2 Collect and Clean Data

Raw data rarely arrives ready. Cleaning involves:

•  Handling missing values

•  Correcting data types

•  Removing duplicates

•  Normalizing or scaling values

Python’s pandas library excels at these tasks. Below is a quick example:

import pandas as pd

df = pd.read_csv('housing.csv')

df.head()

To address missing values:

# Replace missing numerical values with the column mean

df['price'].fillna(df['price'].mean(), inplace=True)

# Drop rows with any remaining missing values

df.dropna(inplace=True)

2.3 Explore and Analyze

Exploratory Data Analysis (EDA) reveals patterns, anomalies, and relationships. Visualizations and summary

statistics are your first tools.

Summary Statistics:

df.describe()



Correlation Matrix:

corr = df.corr()

import seaborn as sns

import matplotlib.pyplot as plt

plt.figure(figsize=(10,8))

sns.heatmap(corr, annot=True, cmap='coolwarm')

plt.show()

Visualizing distributions:

sns.histplot(df['price'], bins=30, kde=True)

plt.title('House Price Distribution')

plt.show()

2.4 Model and Evaluate

Now we build predictive models. We’ll cover linear regression (a simple yet powerful technique) and introduce

classification with logistic regression.

Linear regression assumes a linear relationship between predictors and the target. The model estimates

coefficients that minimize the sum of squared errors.

from sklearn.model_selection import train_test_split

from sklearn.linear_model import LinearRegression

from sklearn.metrics import mean_squared_error, r2_score

X = df[['sqft', 'bedrooms', 'age']]  # Features

y = df['price']  # Target

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2, random_state=42)

model = LinearRegression()

model.fit(X_train, y_train)

predictions = model.predict(X_test)

mse = mean_squared_error(y_test, predictions)

r2 = r2_score(y_test, predictions)

print(f'MSE: {mse:.2f}')

print(f'R²: {r2:.2f}')



Interpretation: A higher R² indicates a better fit, while MSE tells you the average squared difference between

predicted and actual values.

For classification, logistic regression models the probability of a binary outcome using the sigmoid function.

from sklearn.linear_model import LogisticRegression

from sklearn.metrics import accuracy_score, confusion_matrix, classification_report

# Example dataset: spam detection

X = df[['word_freq_make', 'word_freq_address', 'char_freq_$']]

y = df['is_spam']

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.25, random_state=1)

log_reg = LogisticRegression(max_iter=200)

log_reg.fit(X_train, y_train)

pred = log_reg.predict(X_test)

print('Accuracy:', accuracy_score(y_test, pred))

print('Confusion Matrix:\n', confusion_matrix(y_test, pred))

print('Classification Report:\n', classification_report(y_test, pred))

2.4.3 Model Selection and Hyperparameter Tuning

Choosing the right algorithm and tuning its hyperparameters is critical. Techniques like cross �validation, grid search,

and randomized search help find optimal settings.

from sklearn.model_selection import GridSearchCV

param_grid = {

    'C': [0.01, 0.1, 1, 10],

    'solver': ['liblinear', 'lbfgs']

}

grid = GridSearchCV(LogisticRegression(), param_grid, cv=5)

grid.fit(X_train, y_train)

print('Best parameters:', grid.best_params_)

print('Best CV accuracy:', grid.best_score_)

2.5 Communicate Results

Data science is not just about building models; it’s about telling a story. Clear visualizations, concise summaries,

and actionable insights are key.



•  Use matplotlib and seaborn for static plots.

•  Leverage Plotly or Altair for interactive dashboards.

•  Prepare a Jupyter Notebook or PowerPoint to present findings.

3. Deepening Your Knowledge: Core Concepts

Beyond the workflow, a solid grasp of underlying principles empowers you to solve new problems.

3.1 Probability Foundations

Probability quantifies uncertainty. Key concepts include:

•  Random Variables and Probability Distributions (Normal, Binomial, Poisson)

•  Expectation (Mean) and Variance

•  Conditional Probability and Bayes’ Theorem

•  Law of Large Numbers and Central Limit Theorem

Example: The Central Limit Theorem states that the mean of many independent, identically distributed samples

tends toward a normal distribution, regardless of the original distribution. This underpins many statistical tests.

3.2 Statistics and Inference

Statistical inference lets you generalize from samples to populations. Core ideas:

•  Hypothesis Testing (t �tests, chi �square)

•  Confidence Intervals

•  ANOVA (Analysis of Variance)

•  Correlation vs. Causation

Python’s statsmodels library is invaluable for regression diagnostics and hypothesis tests.

3.3 Machine Learning Theory

At a high level, machine learning models learn patterns from data. Two primary categories:

•  Supervised Learning: Regression and Classification

•  Unsupervised Learning: Clustering, Dimensionality Reduction

Key concepts:

•  Bias �Variance Trade �off

•  Overfitting vs. Underfitting

•  Regularization (L1, L2)

•  Ensemble Methods (Bagging, Boosting)

3.4 Data Engineering Basics

Data science often intersects with data engineering. Understanding how to extract, transform, and load (ETL) data,

manage databases, and handle large-scale data is essential.

•  SQL for querying relational databases

•  NoSQL (MongoDB, Redis) for unstructured data

•  Big Data frameworks (Spark, Hadoop) for massive datasets

4. Advanced Topics: Where the Field Expands

Once you’re comfortable with the fundamentals, you can explore more specialized areas.



4.1 Deep Learning

Deep neural networks (DNNs) excel at pattern recognition in images, text, and audio. Frameworks like TensorFlow

and PyTorch allow you to build and train DNNs.

Example: A simple feedforward network in PyTorch:

import torch

import torch.nn as nn

import torch.optim as optim

class SimpleNN(nn.Module):

    def __init__(self, input_dim, hidden_dim, output_dim):

        super(SimpleNN, self).__init__()

        self.fc1 = nn.Linear(input_dim, hidden_dim)

        self.relu = nn.ReLU()

        self.fc2 = nn.Linear(hidden_dim, output_dim)

        

    def forward(self, x):

        out = self.fc1(x)

        out = self.relu(out)

        out = self.fc2(out)

        return out

model = SimpleNN(input_dim=10, hidden_dim=20, output_dim=1)

criterion = nn.MSELoss()

optimizer = optim.Adam(model.parameters(), lr=0.001)

4.2 Natural Language Processing (NLP)

NLP transforms text into structured data. Techniques include:

•  Tokenization and stemming

•  Bag �of �Words, TF �IDF
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