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1 Introduction

This document provides the directions required to replicate the results obtained for the
project ”Bias analysis in Machine Learning prediction for the secondary school exit exam
in Colombia”.

2 System Configuration

2.1 Hardware

For this project, the specifications of the local machine used are:

• System OS: Windows 11 Home

• Processor: AMD Ryzen 5 5625U with Radeon Graphics 2.30 GHz

• RAM: 16 GB

• System type: 64-bit operating system

2.2 Software

The project was implemented using Jupiter notebook version 7.0.8 through Anaconda
Navigator 2.6.0. The python version used is Python 3.11.5.

2.3 Packages

The packages installed for this project are:

• numpy v1.23.2

• pandas v2.1.3

• matplotlib v3.8.2

• seaborn v0.14.0.dev0

• statsmodels v0.14.0
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• datetime

• boruta v0.3

• sklearn v1.2.2

• lazypredict v0.2.12

• ltree v1.0.4

• scipy v1.11.3

• warnings

The exact libraries used are in Figure 3 along with the label explaining the purpose
of each library used as part of the code.

3 Dataset

The name of the dataset is ”Resultados únicos Saber 11” which means individual results
for the Saber 11 exam. The dataset is 2900 Mb in size, as it contains 7.1M rows and 51
columns.

This dataset is available for public use at: https://www.datos.gov.co/en/Educaci-n/
Resultados-nicos-Saber-11/kgxf-xxbe/about_data

To export the dataset, go to the link above, and click on export, then select the download
tab, and last click on download. See Figure 1 as a reference.

Figure 1: Export dataset steps

The final features are shown in Table 1
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Table 1: Data dictionary - Boyaca Dataset

Column Dtype Description
AGE int64 Student Age
HOME PEOPLE int64 No people student house
HOME STRATUM int64 Home class level
HOME ROOMS int64 No rooms home
SCORE M-H int64 Binary medium high score
COLE AREA UBICACION URBANO int32 Binary Urban school

COLE CARACTER TÉCNICO int32 Binary school type technical

COLE CARACTER TÉCNICO/ACADÉMICO int32 Binary school type tech/academic
COLE GENERO MASCULINO int32 Binary all male school
COLE GENERO MIXTO int32 Binary mixed gender school

COLE JORNADA MAÑANA int32 Binary Morning school
COLE JORNADA NOCHE int32 Binary Night school
COLE JORNADA SABATINA int32 Binary Weekend School
COLE JORNADA TARDE int32 Binary Afternoon school
COLE JORNADA UNICA int32 Binary all day school
COLE NATURALEZA OFICIAL int32 Binary public school
COLE SEDE PRINCIPAL S int32 Binary school main site
ESTU GENERO M int32 Binary student gender male
ESTU MCPIO PRESENTACION CHIQ int32 Binary munic. Chiquinquira
ESTU MCPIO PRESENTACION CHITA int32 Binary munic. Chita
ESTU MCPIO PRESENTACION DUITAMA int32 Binary munic Duitama
ESTU MCPIO PRESENTACION PAIPA int32 Binary munic Paipa

ESTU MCPIO PRESENTACION PUE BOYACÁ int32 Binary munic Puerto Boyaca
ESTU MCPIO PRESENTACION SOGAMOSO int32 Binary munic Sogamoso
ESTU MCPIO PRESENTACION TUNJA int32 Binary munic Tunja
FAMI EDUCACIONMADRE Edu prof incompl int32 Mother edu prof. complete
FAMI EDUCACIONMADRE Postgrado int32 Mother edu postgrad
FAMI EDUCACIONMADRE Primaria completa int32 Mother basic edu comp
FAMI EDUCACIONMADRE Primaria incompl int32 Mother basic edu incomp
FAMI EDUCACIONMADRE Secundaria compl int32 Mother edu high school comp
FAMI EDUCACIONMADRE Secundaria incompl int32 Mother edu high school incomp
FAMI EDUCACIONMADRE Técnica compl int32 Mother edu tecnichal
FAMI EDUCACIONPADRE Edu profes incompl int32 Mother edu prof. incom
FAMI EDUCACIONPADRE Ninguno int32 Father edu none
FAMI EDUCACIONPADRE Postgrado int32 Father edu postgrad
FAMI EDUCACIONPADRE Primaria completa int32 Father basic edu comp
FAMI EDUCACIONPADRE Primaria incompleta int32 Father edu basic edu incomp
FAMI EDUCACIONPADRE Secundaria compl int32 Father edu high school comp
FAMI EDUCACIONPADRE Secundaria incompl int32 Father edu high school incomp
FAMI EDUCACIONPADRE Técnica compl int32 Father education tecnichal
FAMI TIENEAUTOMOVIL Si int32 Family has a car
FAMI TIENECOMPUTADOR Si int32 Family has a laptop
FAMI TIENEINTERNET Si int32 Family has internet access
FAMI TIENELAVADORA Si int32 Family has washing machine
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4 System preparation

The code to be used is ”Gender Bias code final.ipynb” and it runs in Jupyter notebook
using Anaconda Navigator.

After downloading the csv file of the dataset, make sure to move the file to the same
folder within Anaconda where the Jupyter file is in. This will ensure that the file is
readable by the program without any modifications in the code as shown in Figure 2.

Figure 2: Import module

Once in Jupyter, install the libraries indicated in the section 2.3. The import module
should look like as shown in Figure 3 below.

5 Code Sections

It is important to note that each section on the code allows to expand or compress the
sections for easier access to each of them. An example of this can be seen in Figure 4.
The code divides into six main sections:

• Data Gathering : Importing the dataset and create the Boyaca dataframe. Figure 5
shows how the loading cell of the code. Figure 6 shows how the Boyaca dataframe
is created.

• Data Exploration: Tables and graphs to get to know the data. Figure 7 shows how
the begining of the data exploration section, which shows missing values count.
Then, Figure 8 illustrates how some of the graphs are obtained in the exploration
part of the code.

• Data Transformation: Dealing with missing values, outliers, categorical variables,
and others. An example of this can be observed at Figure 9 where the age column
was fixed as there were ages that were not possible to get in this exam.

• Feature selection: Select the columns to be kept for the final stage of the process.
In Figure 10 the partitions created and the Boruta code can be seen. There are
different methods to use Boruta, this was the selection of the researcher.

• Model application: This is where the predictive models are applied to the dataset,
and where some initial results are obtained. As this study contained different tests
based on data, Figure 11 shows the different subsections in the model prediction
code.

• Results: Graphical results in terms of images and tables that summarizes the output
of the experiments.
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Figure 3: File and code confirmation

All the necessary libraries for each section are imported at the beginning in the import
module. It is also important to note that the sections are dependant and sequential to
each other, which means that the data exploration code will require for the data gathering
code to be run and so on.
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Figure 4: Expand sections of the code

Figure 5: Loading data module

Figure 6: Creating Boyaca dataframe
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Figure 7: Missing value count

Figure 8: Data Exploration graphs

Figure 9: Age column transformation
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Figure 10: Boruta code

Figure 11: Gender sections for ML application
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