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Introduction1
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• Understand and deploy techniques for exploring and analyzing 
structured data
• Understand and deploy basic machine learning techniques for 

classification and regression

• Understand and deploy techniques for visualizing and 
presenting results of data analytics

• Demonstrate an analytical understanding of business, societal, 
and ethical issues in the application of data analysis techniques

1. Introduction

Learning Objectives
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Materials for this course
• You can find the materials for this session on:

1. Introduction

https://go.dm-union.dk/bda

https://go.dm-union.dk/bda
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What does the boxes mean?
• You will meet several types of info boxes on the slides that will 

each have an icon

1. Introduction

This is referring to a 
Moodle resource

This is general info

This contains a Python 
code example
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• Estimator (model): 
• Algorithm that learns from data to make predictions or decisions.

• Hyperparameter: 
• Settings adjusted before training that influence the model's learning process.

• Transformers: 
• Tools that preprocess data to make it suitable for analysis.

• Pipeline: 
• Chains multiple estimators and transformers together
• A row of actions. Do this then do this.

• Scaling
• Standardizing values to remove big differences between scales in different columns

• Stratification
• Ensuring data splits maintain proportional representation of categories.

1. Introduction

Important Definitions
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An example paper2
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• This paper shows one way to conduct the project – there are 
many different approaches, and you should take the one that 
you feel most comfortable with/makes the most sense for your 
case

• The machine learning results in this case were not good, but 
what matters most is the approach (not all machine learning 
projects in the “real world” succeed)
• Always think about what you are trying to achieve

2. An example paper

Be aware
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• Don’t plagiarize!

• Only use code that you understand

2. An example paper

Be aware
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• You can check out the links on Moodle or the suggestions 
uploaded by Dan
• Remember to find a dataset that has business relevance and a 

machine learning task that make sense

2. An example paper

Finding a dataset
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• If you have found your dataset on Kaggle you can see some 
basic information about the features on the page
• You can also use Ydata Profiling to generate a HTML-report 

showing basic information about your dataset

2. An example paper

Exploring a dataset
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• The dataset was located at Kaggle

• Airline delays constitute a significant cost to the aviation 
industry each year (business relevance – remember it’s a 
business school)

• The features/columns seem relevant to be making predictions
• There is a column that can be used as the target variable

2. An example paper

Why this dataset?
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• Supervised Machine Learning
• Classification (coffee type, bank approval etc.)

• Predicting a category
• Binary or multiclass-classification
• Nominal or ordinal (categorize)

• Regression (prices, numeric rating, etc.)
• Predicting a number
• Interval and ratio (equal intervals)

• There are other methods – forecasting, NLP, etc.

2. An example paper

Different target variables Need a recap on levels of 
measurement?

Link: Levels of Measurement
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• We could have chosen either classification or regression
• Regression: Guessing the delay time in minutes
• Classification: Is the flight more than 15 minutes delayed? Yes or No

• In this case, we chose classification because
• Often flights are a few minutes late without any issues – this can be 

caught up in the air
• FAA defines a flight delay as more than 15 minutes (remember 

sources)

2. An example paper

In this case



16

• Avoid features that could spill or directly lead to the target (also features 
that you might not have at the time of prediction)
• Treat them probably

• Should they be scaled? (depending on the estimator)
• Should they be encoded? (dummy or label encoding)
• Should they be converted? (to maintain ordinality, custom columns)
• Are there NaN values

• Machine Learning works with numbers or math
• Descriptions, long texts, etc. are not good features (they need a lot of 

preprocessing using a multitude of methods)
• Too many unique possibilities

2. An example paper

Finding relevant features
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• Sections
• Introduction
• Business Relevance (remember ethical implications)
• Data Description
• Data Visualization
• Data Preprocessing
• Data Modelling and Results

• Model 1…
• Model 2…

• Conclusion
• References
• Appendixes

2. An example paper

What should be in the paper?



18

In today’s world, the aviation industry holds a significant position in promoting global 
connectivity and driving economic growth. It can be considered one of the most competitive 
industries, contributing a sum of $2.7 trillion (3.6 per cent) to the world's GDP (Asquith, 
2020). However, despite its importance, the industry faces challenges known to disrupt its 
operation. One such challenge is flight delays, which can not only impact the industry's 
efficiency and profitability but can also cause a significant inconvenience to many 
passengers. As one once said, “time is money” and therefore every minute of delay is a direct 
hit on an airline's profitability.
Subsequently, this paper will utilize a dataset that includes information regarding flight delays 
and non-delays, complemented by accompanying characteristics. The aim is to perform a 
range of machine learning models, improving each one of them in the “train” stage, thereby 
obtaining the best possible result when “testing.” Predicting flight delays successfully would 
allow firms to improve their operations, resulting in more satisfied customers and greater 
profits. This has the potential to revolutionize the aviation industry positively for many years 
to come. 

2. An example paper

Introduction – Funnel approach
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• Use this section to explore potential correlations and learn more 
about your data
• Find the most appropriate plots
• When you do visualize do it with purpose and thought

• You are simplifying data – it can be a strong method, but you 
can easily lose important distinctions

• No specific software is a requirement

2. An example paper

Visualization
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2. An example paper

Visualization
• This graph gives some 

insights, but be aware 
of what you can get 
from it – it is hard to 
compare delayed 
flights out of all since 
they are not in percent

Source: Example Exam Paper – Figure 5
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• So far you have worked with a single-split
• Training Data
• Testing Data

• This is not required in this course, but you can consider this a 
better approach
• Training Data
• Validation Data
• Testing Data

• The same idea can be obtained by using cross-validation

2. An example paper

Splitting the data



22

• Examples:
• Random Undersampling
• Synthetic Minority Over-sampling Technique (SMOTE)

• Be careful – normally you would keep the same proportions as 
in the original dataset

2. An example paper

Techniques to imbalanced data
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• A systematic walkthrough of some different settings for the 
hyperparameters of the estimator (model)
• Uses a technique called cross-validation
• This is the way to go

2. An example paper

Grid Search
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2. An example paper

Cross Validation

Source: Sci-Kit Learn: Cross-validation: evaluating estimator performance
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2. An example paper

Source: Example Exam Paper – Appendix 3

This shows the most essential

code
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2. An example paper

Choosing the right estimator

Source: Sci-Kit Learn: Choosing the Right Estimator

General rule

Rows should be at least 
10x amount of columns
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2. An example paper

Choosing the right estimator

Source: Sci-Kit Learn: DecisionTreeClassifier

General rule

Rows should be at least 
10x amount of columns

• Find information about 
hyperparameters on 
Sci-Kit Learn website
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• Quantifying the quality of predictions
• Classification:

• Accuracy - The proportion of all predictions that the model got right
• Precision - The proportion of positive identifications that were actually correct
• Recall
• F1-score (harmonic mean of precision and recall)

• Helps evaluate the trade-off between precision and recall

• Regression
• Mean Squared Error (MSE) - Emphasizes larger errors more than smaller ones – 

outliers are penalized
• Mean Absolute Error (MAE) – All are emphasized the same
• R2-score - How much of the variation in target can be explained by the features

2. An example paper

Scoring Methods Positive has nothing to do with 
emotions!

Outcome where the event of interest is 
true
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• Complexity Trade off
• Low

• Underfitting
• High Bias
• Low variance
• Simple

• High
• Overfitting
• Low bias
• High variance
• Complex

2. An example paper

Essential trade-offs to be considered
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• Linear/logistic regression
• Coefficients

• Decision Tree/Random Forest
• Feature importance
• Tree visualization

2. An example paper

Good estimators to learn more about 
features

Source: Example Exam Paper – Appendix 1 & 2
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2. An example paper

Results

Source: Example Exam Paper - Model Results



33

The Oral Exam3
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• It includes a brief summary, but focuses on your reflections 
about the process
• What could have been done differently?
• Bring keywords, avoid long sentences (you could easily get out 

of focus and you are not as prepared for unnecessary changes 
in the conversation)

• Who are your examiner and censor?

3. The Oral Exam

An oral exam presentation is not full 
summary
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3. The Oral Exam

This was our structure
J: Introduction
J: Quick introduction of paper - dataset, source

M: Visualization (Exploratory Data Analysis) - Aim: explore data, find relationships and patterns
•Box plot: showcase statistical measures and indicate outliers, which could be treated if any were found
•Time-series data -> Line graph (does it indicate seasonality? Are there peaks with the year?)
•J: In our geomap, incorporate size alongside color to indicate the average nr of people in an airport during the day to 
complement the existing visualization and find a correlation between these two features

Pre-processing - Aim: Make data ready for machine learning
•J: Encoding - One-Hot vs Label
•J: Undersampling should have been used from the start, then we could have used accuracy as an evaluation
parameter. As it performed better than SMOTE.
• No reason to generate synthetic samples when you have so much data.
•A: Apply machine learning to bigger samples - especially MLPClassifier (as neural networks work better on larger
amounts of data) - maybe tuning on a small sample and then training on a bigger sample
•M: Scaling of data - prevent data leaks by pipelining
•A: Validation method - Cross-validation

Machine learning - Aim: Try to create a well-performing model (Primary: F1-score)
A: Scoring method - F1-method vs precision vs recall vs accuracy
M: Other estimators

Future Work
1.Could other features be collected including - pricing level of carriers, baggage amount on flight, overbooking, connecting
passengers

1. Could not go into detail about passengers due to ethical issues
2.Extended time period (and maybe more locations)
3.Collecting data real time and training the model as we go to get a bigger understanding of current situations that could
implicate delays.
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• A sheet that quickly shows what estimators were used and what 
parameters were tuned with which values
• Table that gives an overview of the different estimators, settings, and 

results
• An overview of your columns – also the ones that you decided to 

remove
• Keywords to your presentation
• Consider bringing at least 1 printed version of your paper (they could 

ask questions about specific pages) 

3. The Oral Exam

Good things to bring
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• Its very chill

• They can ask question about the entire curriculum
• You can direct the talk based on your presentation to some 

extent (make them interested in your reflections – then they will 
probably want to know more)

3. The Oral Exam

The conversation
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Questions4
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Individual projects5
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• Feel free to try out the code examples.

• Check out UCloud
• Talk with your group about your project and how you can 

incorporate the reflections made in this session

5. Individual Projects

What can you do when waiting?


