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Abstract.

The present PhD research, within the PhyTracer project, investigates understanding
difficulties in Newtonian Mechanics among approximately 900 first-year engineering students
at the Universitat Politecnica de Catalunya (UPC). Using the Force Concept Inventory
combined with confidence-level reporting, this study identifies persistent conceptions
regarding force identification and Newton’s First Law. These findings establish a diagnostic
baseline for a Design Based Research cycle to develop a validated Teaching Learning Sequence
to bridge the gap between student intuition and Newtonian principles. This research wants to
provide educators with validated insights, enabling the refinement of instructional strategies to
improve the physics teaching-learning experience at UPC.

Introduction

Newtonian Mechanics is a theoretical foundation of the engineering profession and provides
essential knowledge for core disciplines such as Statics and Dynamics. Although students are
introduced to these concepts in high school, persistent difficulties often remain [1], leading to
challenges in force identification [2] and a superficial understanding of Newton’s Laws. To
facilitate the evolution of students’ mental models toward scientific reasoning, Design Based
Research (DBR) offers a robust framework for developing research-based Teaching Learning
Sequences (TLS) [3]. In this context, the PhyTracer Project was established within the
Department of Physics at the Universitat Politéecnica de Catalunya (UPC). Involving eight
participating professors, the project leverages physics education research to enhance
engineering education across the institution.

Theoretical Framework, Research, Research Questions and Original Aspects

Grounded in Physics Education Research (PER) and the cognitive framework of
Socioconstructivism, this PhD research addresses persistent understanding difficulties in the
context of force identification and Newton’s First Law. This work summarises the ongoing
doctoral research at the UPC, focusing on first-year engineering students from 13 different
degree programs. The ultimate goal is to employ the DBR methodology to develop and evaluate
an effective TLS that bridges the gap between intuitive ideas and scientific reasoning.

The study is guided by the following research questions:

e RQ1. What are the most prevalent difficulties regarding force identification and
Newton’s First Law among UPC first-year students across the thirteen engineering
degrees studied?

e RQ2. To what extent do the identified difficulties align with the existing literature
regarding first-year engineering students in other contexts?

e RQ3. How effective is a TLS designed and implemented under the DBR methodology
in addressing and overcoming the identified student conceptions?

While conceptual difficulties in Newtonian Mechanics are well-documented, this study
provides a large-scale analysis within the specific context of Catalan engineering education.
By involving approximately 900 students across thirteen different engineering disciplines, this
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research will offer a detailed overview of the conceptual challenges in force identification and
Newton’s First Law and a validated TLS designed to bridge these identified gaps.

Methods and findings

To investigate understanding difficulties, the FCI was administered to 822 students across
various degrees at the UPC. Following the exploratory factor analysis by Scott et al. [4],
nineteen specific questions were selected for this study. Additionally, students reported their
confidence levels (on a scale of 0 to 3) for each response, allowing the research to distinguish
between random guesses and deeply held conceptions.

The identification of these difficulties, along with a comparison with the existing literature,
constitutes the diagnostic phase of the DBR methodology. This phase integrates
socioconstructivist educational strategies, such as interactive tests, collaborative problem-
solving, and simulations, to form an evidence-based foundation for the iterative design,
implementation, and evaluation of a targeted TLS. The effectiveness of the designed TLS will
be evaluated using a mixed-methods approach. The quantitative component will consist of
pre/post-test normalised gains using the FCI to measure conceptual shifts. Additionally, an
analysis of open-ended questions on free body diagrams will provide a qualitative perspective,
ensuring a robust evaluation of how students identify forces [5].

Conclusion

This research maps the conceptual landscape across 13 engineering disciplines at the UPC,
providing a large-scale diagnostic of student difficulties with force identification and Newton’s
First Law concepts. By validating international trends within this specific local context, these
findings will establish the baseline for the DBR cycle currently in development within the
PhyTracer project.

This work supports professors in addressing specific understandings by providing a
research-based and validated TLS for classroom implementation. By offering a framework that
can be further refined through practice, this project will ultimately enhance the first-year
physics teaching-learning experience at UPC, ensuring a more effective approach to Newtonian
Mechanics.
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2. “Work-in-Progress” Information

Keywords

Newton’s First Law; Force Identification; Force Concept Inventory Analysis; Higher
Education; Engineering Education; Learning Difficulties; Alternative ldeas; Design Based
Research; Teaching Learning Sequence

Current stage of the work

Completed: Teaching Learning Sequence Design; Teaching Learning Sequence First
Implementation; Force Concept Inventory Application

Planning to do: Learning Difficulties Analysis; Teaching Learning Sequence Evaluation;
Teaching Learning Sequence Redesign; Phenomenography

Questions for Discussion
e How can | best align UPC identified student difficulties with existing literature while
using consistent and recognised terminology in PER?
e How can | effectively integrate my existing data on students' social contexts into the
current research questions?
e Which specific learning objectives or TLS characteristics should be prioritized to most
effectively guide the iterative redesign process?

3. Status Confirmation

Our PhD student, Marina Ristol Roura, has passed the dissertation proposal stage of her thesis
but she has not yet defended her final dissertation. | approve of her application and I will make
every effort to attend the GIREP 2026 Summer School, as well.
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