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WIP: Pre-University Learning Experiences and Their Impact on University
STEM Teaching

Abstract — This work-in-progress aims to analyse the educational tools and
methodologies used in pre-university education, with the goal of providing university
faculty with a clear understanding of the educational background of students in STEM
fields. This includes the projects they have been involved in, the resources they have used,
and the most effective methodologies. Additionally, this work aims to identify and highlight
existing networks within the surrounding educational system (omitted for blind revision).
This will allow university instructors to consult and draw inspiration from these networks
to enhance their own teaching practices.
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l. Introduction

This WIP examines the tools and methodologies used in pre-university education to assess
their effectiveness for potential application in higher education. It aims to provide university
educators with a clear understanding of the educational profile of students in STEM fields,
particularly regarding the use of active learning methodologies. The paper reviews the projects
students have participated in, their learning sources, and the most effective methodologies. while
highlighting educational networks that could inspire and enhance pedagogical practices at the
university level.

In recent years, educational innovation has evolved in response to current demands,
promoting methodologies that encourage active student participation and redefining the teacher’s
role as a facilitator. This paradigm shift moves away from traditional methods focused on
memorisation and prioritises skills such as critical thinking and problem-solving.

University professors now face the challenge of adapting their strategies for students who
have prior experience with active methodologies. Are these methodologies new to them, or are
they already accustomed to them, with no significant advancements? If traditional lecture-based
methods are used, do they represent a regression in learning? Furthermore, how do students
perceive the methodologies employed at the university?

Among the predominant methodologies in the educational system are project-based learning
(PBL), gamification, and service-learning, implemented in primary and secondary education
through innovative networks and programmes. As a future line of work, a more in-depth study is
proposed with STEM students to examine previous and university-level methodologies, and
students’ perceptions of motivation when faced with traditional methodologies at university.



1. Context

In our country, education is organised into four stages. Early childhood education (before 6
years) is not compulsory. Primary education, which is mandatory, covers ages 6 to 12, and
compulsory secondary education spans from 12 to 16 years old. From age 16, young people can
enter the labour market, pursue vocational studies, or continue with the Baccalaureate, a two-
year university-oriented.

In primary education, there are no specific subjects for computer science or technology; these
contents are integrated into subjects like environmental studies or mathematics. Digital skills and
computational thinking are developed, focusing on data organisation, pattern recognition, and
creating guided algorithms to model everyday situations.

In secondary education, the subject "Technology and Digitalisation™ is taught in at least one
of the first three years, covering topics such as programming and robotics. In the fourth year,
there is an optional subject called "Digitalisation™ [1].

Our work focuses on the pre-university stages, specifically secondary education and
Baccalaureate. Although vocational studies are also part of secondary education, the
Baccalaureate is more relevant as a pathway to university.

In recent decades, secondary education has undergone significant changes globally to adapt
to an ever-evolving environment. A 2018 OECD study showed that 70% of member countries
had implemented innovative pedagogical approaches, such as project-based and collaborative
learning, in at least 50% of secondary schools [2]. These methodologies have been shown to
motivate students and enhance academic performance.

In Finland, 85% of secondary schools use phenomenon-based learning, which integrates
subjects around a central theme. According to PISA2018, Finnish students who use this approach
have a 15% higher problem-solving ability than those who use traditional methods [3] - [5].

Conversely, Singapore prioritises self-directed learning, with 60% of secondary schools
offering programmes that empower students to manage their own learning. The Ministry of
Education of Singapore reports that students in these programmes are 20% more likely to
achieve better results in mathematics and science [6].

Globally, there is a growing emphasis on personalised learning and technology integration in
secondary education. As part of the European Union, we are also adapting to these changes. In
2020, the government included the promotion of STEM subjects, inclusive education, and digital
transformation in its educational agenda, aligning with the Sustainable Development Goals [1].

In the 2020-21 academic year, 85% of schools in the country employed active methodologies
such as project-based learning (PBL) and cooperative learning, aimed at increasing student
participation and developing key skills like thinking and teamwork. Moreover, 60% of schools
introduced personalised tutoring in 2022, reducing the school dropout rate from 17.3% in 2019 to



13.3% in 2022. In 2021, 75% of schools had programmes to address diversity, facilitating the
inclusion of students with special educational needs [7], [8].

Competency-based learning gained traction, with 68% of schools implementing it in 2022, to
prepare students for an ever-changing job market. Continuous assessment also became
prominent, with 72% of teachers using this method in 2021 to provide constant feedback and
better adapt to students' needs.

These methodologies changes reflect the commitment of schools and teachers to improve
education through personalisation, inclusion, and a focus on key competencies essential for
addressing 21st-century challenges [9].

At the same time, the curricula of degree programmes in education and master’s degrees for
teacher training integrate active methodologies as a core element, highlighting the collaborative
effort of the government and universities to improve educational quality and prepare teachers.

I1l.  The Adaptation of Active Methodologies in University Education

After introducing the context and current methodologies in secondary education, it is now
time to analyse the approaches in university education.

University teaching is defined as the higher-level educational process within institutions
focused on the search, acquisition, and construction of scientific knowledge, alongside a
continuous critical analysis of this knowledge. Traditionally, professors were the central figures
in the learning process, acting as the sole transmitters of knowledge. This created a hierarchical,
unidirectional, and purely transmissive classroom dynamic, where students did not actively
participate or question the content presented [10].

However, a study by Jasso, Garcia-Prieto, and Garcia-Rojas reveals a growing trend towards
the implementation of active methodologies in universities [11]. Despite these advancements,
preliminary studies conducted at our faculty show that traditional methodologies still dominate.
According to the students surveyed, these methods hinder their understanding of theoretical
concepts and limit the connection between theoretical learning and its practical application.

As a result, a possible "regression™ in university methodologies is observed. Many students
transition from educational environments that prioritise active methodologies to a university
setting where two distinct models coexist: project-based learning (PBL), dominant in some areas,
and traditional methodologies.

In the faculties of education, active teaching methodologies are actively promoted to prepare
future teachers for implementation in their classrooms. However, these methodologies have not
been widely adopted in the broader university context.

Finally, it is worth considering: What activities did students engage in during secondary
education? What experiences did they have in that educational context?



IV.  Examples of Methodologies Used in Pre-University Education

A. Project-Based Learning

Several teacher networks share pedagogical resources based on active methodologies. In our
geographical area, the government has made available a collection of projects developed in
different educational centres, centralized by CESIRE (Centre for Pedagogical Resources for
Support in Innovation and Educational Research). The platform includes a search engine that
allows filtering by educational levels and subjects.

Below are three notable examples of educational projects:

1) Project "Exploring Different Biological Processes Using CO2 and O2 Sensors": This
project raises initial research questions such as: a) Exploration of photosynthesis and
respiration, b) Comparison between the respiration of animals and plants, c) Factors that
increase the respiration rate in seeds, and d) Analysis of alcoholic fermentation and
biotechnological processes.

Students must answer these scientific questions using CO2 and O2 sensors. They also design
experimental procedures and analyse the data, with a focus on interpretation through
theoretical models and stoichiometric calculations [12].

2) Project "Working with Electricity™: This project focuses on activities related to
electricity generation and usage. Some outcomes include: a) Creating a Christmas garland
and the electrical installation in a home, and b) Analysis and production of an electrical
device.

Industrial and artisanal designs are also worked on as part of the learning process [13].

3) Project "Making our School Green™: The aim of this project is for students to plan how
to save energy in their school and use renewable energy sources. It focuses on four main
areas: a) Water and Electricity saving, b) Heat efficiency and c) Recycling and reuse.

These activities encourage the planning and design of sustainable solutions [14].
B. Gamification

1) Scratch: For several years, computing has been integrated into primary education using
block-based programming languages. These languages allow students to quickly develop
engaging programs and create their own games. Scratch is one of the most widely used tools in
educational centers, facilitating the transition to more complex programming languages [15].

2) Advent Code: Another example of a gamification tool for learning programming is
Advent of Code. This resource is based on an Advent calendar with programming challenges of
varying levels. The challenges can be solved with any programming language, as the platform
evaluates the output generated by the program, not the code itself [16].



C. Service Learning

According to the Center for Promoting Service Learning, service learning is an educational
proposal that combines learning and community service in a single project. Participants work on
real needs in the environment with the aim of improving it, while learning in the process [17].

It has been implemented at various educational levels, including compulsory secondary
education, Baccalaureate, and some university studies. Examples in our fields of study include:

1) Project "Without Raising Your Hand, a New TV Program": Designed for students in the
audiovisual subject in Baccalaureate, this project involves creating audiovisual materials for
local non-profit organisations. The aim is for students to:

e Learn about their surroundings and the activities of non-profit organisations.
e Develop technical skills in creating multimedia content.

The produced materials are delivered to the organisations, which often lack the resources to
produce this type of work [18].

2) Project "No Entity Without a Website": In this project, Baccalaureate students in the
"Work in Digital Environments" subject design websites for non-profit organisations. The
interested organisations can participate and benefit from these creations, thus contributing to the
digital development of the local environment [19].

3) Project "Pill Dispenser: An App for Medication of Elderly People™: This project,
developed by compulsory secondary education students, involves the design and construction of
an electronic box for dispensing medication. The box is controlled through an app installed on
the elderly person's mobile device, allowing them to manage their medication automatically [20].

V. Future Lines of Work

To obtain more accurate data, we propose conducting an exploratory qualitative study. This
approach does not aim to validate hypotheses, but rather to explore existing educational practices
and identify the potential reasons behind their effectiveness.

We plan to organise the study through focus groups will include different student profiles:
e First-year students: Those at the beginning or at the end of their first year degree.

e Final-year students: Advanced students who can provide a comprehensive perspective on
their university experience.

e Volunteer students: Participants in an academic mentoring programme for first-year
students. These volunteers can offer valuable insights into the difficulties faced by the
students they support.

The objective is to compare the methodologies used in secondary education with those

employed at the university, and to analyse the evolution of learning throughout the degree
programme.



This analysis will provide comparative data that will enhance our understanding of the
educational process.

Currently, we are developing an initial phase of the study with a focus group of final-year
students. The questions posed are grouped into the following categories:

e Initial perception of the profession: Opinions about the Computer Engineering degree at
the beginning of their studies.
Motivation for choosing the degree: Factors that influenced to enrol in the programme.
Prior preparation: Assessment of academic background and skills before university.
Evaluation of teaching methodologies: Critical analysis of the educational strategies
employed and their impact on learning.

e Suggestions for improvement: Recommendations for optimising courses and teaching
methods to enhance the quality of education.

The information gathered will inform improvements to pedagogical approaches and course
structures, leading to a more effective educational model tailored to students' needs.
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