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Abstract—The paper presents an application of the Problem-Based Learning
(PBL) methodology in a structural analysis course taught in English of the third
year Architecture bachelor program at Politecnico di Torino (Italy). This experimentation regards a class composed mainly of international students. That is a
heterogeneous audience with different backgrounds. In general, students struggle
with the technical aspects typical of the structural analysis course. PBL has been
found as a possible solution to this problem in Engineering programs. The aim of
redesigning the course is to support students' learning while evaluating the PBL
application in a non-technical context with an international audience. This article
describes the structure and the results of the PBL implementation. In particular,
the participation has increased compared to the previous academic year in terms
of presence during the lectures, interest in the subject, the interaction between the
lecturer and the students, and exams' results. These results are encouraging and
confirm the validity of the PBL methodology as actually applied.
Keywords—structural analysis, PBL, architecture bachelor program, pedestrian
bridge

1

Introduction

Fundamentals of Structural Analysis (FSA) is a third-year mandatory course of the
Architecture bachelor program at the Politecnico di Torino. This bachelor's degree has
two different tracks: one taught in Italian, with around 450 students (divided into three
parallel groups), and one in English, with almost 75 students. In the Italian path, students are mostly coming from Italy. On the contrary, in the English one, there is an
international audience with students coming from different countries, in particular from
Asia and South America.
Due to its nature, the FSA course has high technical and engineering content. Usually, architecture students struggle in understanding both the theoretical aspects and the
manual and numerical solution procedures. One of the aspects that non-technical students typically find hard is the shift from the theoretical concepts to the qualitative
evaluation that this topic requires. This shift is unusual for students in general, but even
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more for the architectural ones that in their study are not comfortable with this approach. This difficulty is even more evident in the English track, in which students'
backgrounds are very heterogeneous since they came from different nations with a variety of school systems. Although the courses in the first two years already tried to fill
the preexisting educational gap.
In the past years, the methodology used in this course has been following a traditional face-to-face teaching model with a single lecturer supported by slides with some
exercises on the blackboard. In the meantime, at the end of the course, only a few students succeeded in passing it. For example, in the academic year 2018/19 of the 55
enrolled, only five were successful at the final exam in the winter call (first call available). Moreover, the student's level of engagement during the course has been critical in
terms of presence during the lectures and interaction with the lecturer.
Data from several studies suggest PBL (Problem-Based-Learning) methodology as
an excellent solution to approach the learning difficulties typical of a structural analysis
content inside technical schools [1, 2, 3, 4, 5]. In general, PBL is applied in many engineering courses as it seems to suit the professional requirement of a mix of technical
and practical competencies [6, 7, 8, 9]. Using this methodology in a non-technical context, such as an Architecture bachelor degree, is not trivial and requires some shrewdness [10]. The present research explores the effects of this methodology in an Architecture bachelor degree with an international audience, such as the English curricula.
The main objectives to redesign the course were the overall subject framework, the
themes and types of problems, and the proposal for PBL work. To do this, the Chandrasekaran and Al-Ameri study [6], together with the Bridges' critical review [10],
played a fundamental role. The first one investigated the engineering students' experience in team learning practice and in particular in project/design-based learning and
found out that [6]:
─ Students prefer to have a balance between lecture and design class, with a possible
unbalance in favour of design class
─ The assessment should equally include the project and a formal individual exam. In
general, engineers prefer to be assessed individually rather than through teamwork
─ Group size should be between three and five students distributed based on their own
preference
─ A group leader is perceived as fundamental, although the self-estimation of participation can vary among members.
Said this, the non-technical environment typical of Architecture education has some
different features compared to the Engineering one. Therefore, the lecturer must work
with educational specialists and decision-makers to design an architectural version of
PBL [10]. Bridges has also underlined some focal points that we used as a guideline in
the designing stage:
─ the complexity of the problem: it should be enough complex and actual to attract
students but simple to be affordable with their knowledge
─ open-endedness of the problem: it should favour a brainstorming activity fostering
the team to evaluate different solutions
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─ duration of assessment: students should have time to be meaningfully engaged with
the problem
─ degree of collaboration amongst students: the design should support students' interaction inside the team
─ explicit incorporation of reflection: reflection on learning outcomes support the
learning itself. Students need to become confident with the new skills and awareness
of the personal learning achievement
─ variety of skills required: the project solution should develop different skills by requiring different project presentation formats (i.e., images, reports, oral presentations, elevator speeches)
─ diversity of media: the solution can require the use of various media, for example,
hand vs software calculation or traditional manual drawing vs CAD modelling
─ use of precedents: students should have access to sufficiently detailed and accurate
sources of material to work with
─ collaborative development of problem definition: joint participation of students in
the problem definition will make the project more effective.
Moreover, referring to the typical theoretical learning principles that De Graaff and
Kolmos identified [11], the course framework has been defined as reported in Table 1.
Table 1. Course design based on the typical theoretical PBL learning principles (the first
column refers to [11])
Typical PBL theoretical learning
principles

FSA redesign framework

Problem-based learning: the problems are based on
The chosen problem is the design of a pedestrian
real-life issues which have been selected and edited to
bridge and its structural analysis.
meet educational objectives and criteria
Participant-directed learning processes: students have The teacher will provide the students with a dethe opportunity to determine their own problem for- tailed guideline to support the problem approach
mulation within the given subject area guidelines
and help them identify a feasible solution.
Experience learning: to link the formulation of the
problem to the individual's world of experience increases motivation

Each team of students can choose the location, the
shape, and the material to be used for the bridge design

Students will need to submit reports periodically.
Moreover, in the initial design stages, they will
Activity-based learning: requiring activities involving need to make decisions based on personal research;
research, decision-making and writing
while in the structural analysis, they will need to
review the results obtained and make proper
changes critically
Inter-disciplinary learning: teachers do not just consider objectives within the known subject-oriented
framework but also consider problems or real situations

To solve the pedestrian bridge problem, students
need to consider the mechanical properties of materials, the esthetical aspects, and the environmental
constraints that they have learnt in previous courses

Exemplary practice: The students must acquire the
ability to transfer knowledge, theory, and methods
from previously learned areas to new ones

The teacher will foster the ability to generalize the
learning knowledge

Group-based learning: whereby the majority of the
learning process takes place in groups or teams

The students will work in teams of 3-4 people each
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This paper highlights the general results obtained by implementing the PBL methodology in an FSA course starting from the work in progress outputs presented at the
EDUCON 2020 Conference [12]. Section 2 provides a general description of the context and states the research questions. Section 3 describes the methodology used and
the course implementation, Section 4 analyzes the results obtained, and Section 5 draws
conclusions and discusses future developments.

2

Background

In the international context, the difficulties typical of the structural analysis have
been addressed with a PBL implementation [1, 2, 3, 4, 5]. While solving the problem,
students learn how to carry out the calculation and how to address metacognition. In
qualitative analysis research, which measures the impact of the PBL in this topic, Justo
et al. highlight the main strengths: teamwork, self-directed learning, continual assessment, practical approach, and faculty involvement. Although, in the meantime, the
study identifies some drawback points such as the disorientation experienced by the
students at the beginning and the different degree of involvement and workload of team
members. These findings suggest the importance of tutorship in approaching the project
and on the orientation and evaluation of equal task distribution inside the team [3].
Moreover, tutoring activities have been identified as key for improving the conceptual understanding of students. However, a significant improvement in the comprehension of bending moment distribution seems to be hard to reach with only the tutors'
support [4]. Moreover, the lecturer needs to guide the shift in the learning techniques
[13].
Then, another essential aspect becomes the integration of the project into the course
topics. Morgan and Barroso suggest creating an explicit tie between the project tasks,
outcome and the course contents. Establishing this clear link helps the students understand that the project itself is a way to put together the different concepts personally
[5].
Considering the assessment side, it must fit the objectives of the learning process.
That is, to verify the competence acquired rather than a limited test on individuals'
knowledge [11].
2.1

Course context and purpose

At Politecnico di Torino, FSA is taught in the traditional face-to-face way: the
teacher at the blackboard with slides or chalk, and students take notes. It lasts one semester, from October to January, and, as for other courses, the assessment is limited to
a multiple-choice test to evaluate the students' knowledge. Students have four available
dates to do the final exam: two right after the end of the course (one in January and one
in February), one after the second semester (in July) and one after the summer period
(in September).
The technical content and methodology used during the lessons make it hard for
architecture students to approach the subject's study properly. It is important to remark
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that FSA is an introductory course. Therefore, the following Structural Engineering
courses during the Master degree will cover a comprehensive discussion about the appropriate technical standards, load combinations, elastoplastic design, seismic actions,
structural details. Although the basic nature of the course, students are asked to familiarize themselves with Nòlian, an Italian FEM analysis application [14]. This tool is
frequently used by Italian professionals but is not available in English, and this represents a partial problem for the international audience of this course.
This approach highlighted a few problems and limitations: lack of interaction with
the students, poor results at the final evaluation that seems to show a poor understanding
of the topics and a long time passing the exam.
These aspects are more evident in the English track, where there are also differences
in students' background knowledge. Students are coming from worldwide and may
have different experiences and expertise, although sometimes they don't have sufficient
math preparation. We analyze their results in the academic year 2018/19: only 11%
succeed in the exam at the end of the course during the winter session, 73% pass the
exam during the other sessions, and 16% did not succeed in any sessions.
2.2

Objectives of the study

This study will analyze two different relationships with the PBL:
─ How can the PBL favour the learning of a technical subject in an Architecture program?
─ How can the PBL favour the learning of a class composed of international students
with a heterogeneous background?
Different qualitative aspects are collected and analyzed, thanks to direct observation,
structured project revision, presentations and final survey to answer those questions.

3

Redesign implementation and methodology

This new course design aims to support students' learning, particularly considering
the technical aspects key for the structural analysis. This change will apply only to the
English track that seems more penalized by the traditional approach. In order to implement the PBL methodology, the entire course organization needed to be reviewed. First
of all, the project that the students need to develop has to be defined considering the
traditional content of the course.
For this reason, it needs to have the characteristics of a preliminary study with simple
calculations. In the meantime, although the goal of the course is not to do a complete
standard-compliant design, the project needs to consider the national regulation to help
the students understand the complexity of real-life structural analysis. A small/medium
size footbridge (about 15 m to 20 m) has been chosen as a project theme following these
characteristics. This theme is simple enough to be examined with the tools provided
during the lessons, and it can be partially solved manually and/or by using structural
software, like Nòlian.
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The reference project has been identified in the pedestrian bridge developed by the
DC Structures Studio of Cambridge (NZ) [15], which introduce the project by saying:
If you find these designs useful or have any improvements, please leave us a comment. Our team is driven by a passion for bridge design (we love bridges!). Hence, we
are very proud of this set and hope to see it used throughout NZ. We would really
appreciate hearing any feedback you might have: Is this standard bridge useful? What
changes would make it better? Would you consider using it? What updates or additions
would you like to see?
Thanks to the interaction with the DC designers, the whole project was made available for the course (Fig. 1 shows an example) [15], together with other sources of inspirations [16, 17, 18, 19]. Students can design and imagine possible variations to improve this original project's architectural and structural aspects or create a new one with
similar characteristics. Moreover, considering the international audience, each team of
students can locate the bridge somewhere in Italy or their country of origin and choose
as building material one typical of their region. However, to define the material properties, each team must be coherent with the country selected and, therefore, needs to
consider the building regulation that varies country by country. If the national regulation is not readily available, the lecturers with the tutors can decide to use the Italian
and EU regulation as a reference [20, 21]. In general, the project needs to follow the
KISS principle, that is, Keep It Simple Stupid [22].

Fig. 1. New Zealand standard footbridge design (elementary 18 m pedestrian bridge).
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Considering the course content, the critical technical aspects of the project have been
identified and adequately included in the course material. In particular, the course will
be divided into
─
─
─
─

theoretical lessons (30%): lecturer guides the students into the project contents
teamwork (30%): each group apply the theoretical concepts to the bridge design
tutoring activities (30%): each group can meet a tutor to share doubts and ideas
presentations (10%): time in which each group present a specific step of the bridge
design.

The theoretical lessons follow a traditional approach; the lecturer uses both slides
and a blackboard. The content has been reorganized, neglecting the more general parts
of elasticity and continuum mechanics and stressing the contents strictly related to the
project (i.e., with new comments, exercises, data and suggestions). Moreover, for the
topics related to the project, a yellow background in the slides has been used to help the
students easily recognize it.
The students have three times a week a formal activity following the calendar shown
in Table 2.
Table 2. Calendar of the activity divided by week
Lesson 1

Lesson 2

Lesson 3

1

Week number

Lecture

Project description and team formation

Lecture

2

Lecture

Tutoring

Lecture

3

Lecture

Team 1st presentation

Lecture

4

Lecture

Tutoring

Lecture

5

Lecture

Tutoring

Lecture

6

Lecture

Team 2nd presentation

Lecture

7

Lecture

Tutoring

Lecture

8

Lecture

Tutoring

Lecture

9

Lecture

Tutoring

Lecture

10

Lecture

Team 3rd presentation

Lecture

11

Lecture

Tutoring

Lecture

12

Lecture

Tutoring

Lecture

13

Lecture

Tutoring

Lecture

14

Tutoring

Final presentation

Final presentation

At the end of the course, during the final presentation, the best projects and related
reports will be voted by a committee of academic lecturers and experts in the field.
Then, the studio's website will publish the best ideas.
As part of the redesign, also the assessment has been modified. The Italian education
system foresees a final exam for each course evaluated over a scale of 30. The exam is
considered positive with a score of 18/30. In particular, the final exam is composed of
a multiple answers test (18 points) and the bridge design (12 points). The project evaluation includes the observations and the votes done by the committee during the final
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presentation. For those students who did not deliver any final project, the assessment
remains like in the previous academic year: a 30 questions multiple answers quizzes.
3.1

Methodology

This paper presents a qualitative analysis of a study case that includes only the English track, which, in the academic year 2019/20, is composed of 62 students. Only 4 of
them coming from Italy, while the others are mainly from Asia and South America.
Each team has a maximum of 4 people to ensure good and homogeneous cooperation
between them. The team size is crucial to enriching soft skills such as teamwork, communications, organization, and leadership.
As said in the redesign, the new course will be structured in theoretical lessons
(30%), teamwork (30%), tutoring activities (30%), and presentations (10%). The teamwork is autonomously organized and is not included in the official course schedule.
The tutoring sections consist of 15 minutes sessions in which every team can personally discuss its project with one tutor. The tutors are civil engineer master students
selected through a call, available for a maximum of 60 hours each during the entire
course. For the academic year 2019/20, three tutors have been assigned to the FSA
course, which guarantees a strong interaction in terms of time with the teams. In the
past, tutoring sessions were also available on a reservation basis to help the theoretical
understanding.
The presentations are four, distributed over the entire semester. During each of them,
each team is required to explain the progress of the design. The first three presentations
last 3 minutes each. Instead, the final presentation lasts 10 minutes and will be in a
video conference with DC Structures Studio. Overall, students are expected to deliver
a well-structured, one-page report in the first three presentations and a complete project
report with all the design details in the final one.
During the first lesson, the new course design has been explained to the class with a
deep look into the project requirements. This includes the instructions regarding the
content that each team needs to present inside the 3 minutes speech:
─ 1st presentation: students should explain a basic structural scheme, materials, load,
design and location of the bridge
─ 2nd presentation: students should present the deformability and stability
─ 3rd presentation: students need to show the strength, horizontal loads and bracing
effect, and the 3D numerical model.
While for the final 10 minutes presentation, each team must present the whole project.
Regarding the project characteristics, the building regulation chosen as a reference
needs to be used for the loads' calculation, including dead load, live load, self-weight,
snow, a horizontal force on the balustrade. At the same time, wind and earthquake loads
are neglected. The structure calculation entails being partially solved manually by using
equilibrium equations for which the structure should be statically determined. Only after this manual approach, the structure is solved using the structural software Nòlian.
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In this stage, students should evaluate the numerical results comparing the analytical
solution in terms of stress (strength), displacements (stiffness), instability (stability) and
the numerical solution. Moreover, they need to discuss horizontal bracing by applying
horizontal forces (10% to 15% of the vertical forces). If the team chooses an Italian
area, the national regulation is already present inside the FEM software; otherwise, it
must consider the national restrictions manually.
For the final report (about 5-10 pages long), a detailed guideline is made available
to students and covers the following points:
• summary (description of the problem)
• introduction (overview and main issues)
• problem description (assumptions, drawings, solution procedures, theory assumptions)
• results (presentation, explanation, supporting theory, numerical results, implications)
• conclusions and recommendations
• references (technical standards, other helpful material)
• appendices.
Moreover, some insight references have been given to support further the students'
writing process [23, 24].
Looking at the assessment, the evaluation includes a test and the project work. The
test is made of 18 items, 12 theoretical and 6 related to the software application. It is
considered passed if 12/18 are answered correctly, independently on the type of questions. Regarding the project evaluation, in addition to the final presentation, the entire
evolution of the solution will be considered (the three minutes presentations, the material delivered, and the tutoring sections).
We used different qualitative approaches to analyze the implementation of the redesigned course:
─ observation of the course flow done by a researcher unfamiliar with the course topic
that considers the methodological approach and the class responses and by a technical expert that looks at the contents
─ team revision's sheets (Fig. 2) filled by the tutors during the tutoring activities
─ presentations' material that each team delivers during the course (reports and final
presentation)
─ course survey evaluations that students anonymously return at the end of the course.
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Fig. 2. The form that the tutor needs to fill after each team revision.

The team revision's sheets should be weekly and include both general skills and
technical aspects. For example, by looking at them, one can suppose the workload distribution inside the team (general skills) and the ability to correct mistakes and include
the tutor's suggestions (technical aspects).
The central administration manages the anonymous student survey delivery and
evaluation for all courses. Students can fulfill it starting from the last weeks of the
course until the first exam session starts. It is not mandatory, but students are highly
encouraged to complete them. Six modules make it with Likert-scale answers [no, more
no than yes, more yes than no, yes]:
─ Attendance (Question 0): Students must indicate the attendance rate. The general
statistics considers only students with >50% of frequency
─ Academic terms organization (Question 1 to 2): These questions are designed to analyze students' perception of the general semester workload
─ Lectures organization (Question 3 to 8): They focused on students' perception of the
course itself; such as the available materials, the clarity of assessment rules, the prerequisites and the course activities
─ Teaching delivery (Question 9 to 13): This module includes the analysis of the lecturer performance; such as the lecture timeline, the availability, the clarity
─ Facilities (Question 14 to 15): They evaluated the infrastructure and the software
available
─ Interest and satisfaction (Question 16 to 18): Students give general feedback on the
course content independently from how it was delivered.
The aggregated data generates four indices that are used to evaluate the overall
course: course index I1 (average of questions 1 to 18), lecturer index I2 (average of
questions 9 to 13), course satisfaction S1 (% positive answers 1 to 18), lecturer satisfaction S2 (% positive answers 9 to 13).

4

Discussion
The revised FSA started in October 2019 and lasted until the end of January 2020.
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Because the literature review highlighted as fundamental for a successful PBL implementation the tutoring support, before starting the course, the lecturer organized a
meeting with the three assigned tutors. It explained the new approach and pointed out
the critical role they play in the learning process. This meeting was the occasion for
them to familiarize themselves with the team revision's sheet that, like a diary, keeps
organized all the information regarding the tutoring sections of each team.
During the first lesson, the lecturer presented the new structure to the students, and
they autonomously organize in 20 teams. The first tutoring section took place the second week of the course, and all groups attended, but only 13 were ready for a discussion
with the tutors. Considering the overall tutoring sections, students highly attended
them. Most of the teams were involved in their complete composition, and the members
were actively speaking and interacting with the tutors. By looking at each team's revision sheets, it is clear that they started from a brainstorming stage with different ideas
that evolved at different speeds. This personal learning path can be considered a positive thing because it allows students to regulate their learning and learn autonomously
[25].
At the first presentation, 17 teams presented their idea. The quality of the presentation was well responding to the request. Each of the proposed bridges had a simple but
different design. Considering the location, some of them chose a spot in their country
of origin (mainly China, Colombia, Indonesia, Italy, Vietnam), others preferred a country external to the team, such as Sweden or Netherlands. Looking at the materials, some
groups chose unusual ones like containers and bamboo while others employed more
standard elements, like wood and steel. Four teams' ideas showed possible problems
coming up in the following steps of the project. For this reason, after a quick talk with
the teams, the lecturer explained to the tutors the possible structural issues to help the
teams with the structure design and materials during the subsequent revision sessions.
Some teams decided not to show up at the following presentations because they
struggled with structural issues, mainly trouble in calculations. In particular, at the second presentation, 10 teams succeeded in the speech, and at the third presentation, only
9 were positively addressing the lecturer's requests. In the meantime, the tutors tried to
guide the teams through the difficulties they were facing. That explains why 17 teams
delivered the reports and presented the final project at the end of the course. The lecturer
commented on all the reports and returned them to prepare their final submission
properly.
Regarding the issue related to the software Nòlian, the lecturer has provided a glossary reporting the English translation of the main commands and warning messages.
The bridge design solution requires a 3D model evaluation with the related calculations
using Nòlian. This exercise represents a real-world application and not a simple didactical training as it was in the old version of the course. That is, students become more
familiar with Nòlian modelling.
Another difference has been observed in the assessment stage. Students approached
the evaluation as soon as the course ended, which means they have been on track during
the semester and felt familiar with the technical content. This on-time preparation translated into an increase in the average score in the winter exam's session. Table 3 reports
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the number of students that passed the exam and the average score in the different exam'
sessions.
Table 3. Students distribution at the assessment and their average score
Exam
session
Winter
Summer and
Autumn
None
Total

academic year 2018/19
#
Test
Average
students
results
score
5 (11%)
21,4 /30
21,4 /30

#
Students
41 (66%)

33 (73%)

11 (18%)

7 (16%)
45

23,2 /30

23,2 /30

academic year 2019/20
Test
Project
results
results
14,82 /18
10,29 /12
14,18 /18

8,55 /12

Average
score
25,26 /30
22,78 /30

10 (16%)
62

By looking at the anonymous course survey, there are no substantial differences in
the overall evaluation between the two academic years under study. In the academic
year 2019/2020, the indices were I1 3.19/4, I2 3.22/4, S1 83%, S2 81%. The only statistical difference exists on the question related to supplementary learning activities
(question 8). With the introduction of PBL, the students' perception moved from 3.08
to 3.48/4, increasing 20% in the satisfaction rate (from 76% to 96%). Some students
reported a different workload distributed during the entire semester and a better understanding of both the theoretical contents and the software application.

5

Conclusion

In general, the course participation has increased compared to the previous academic
year in terms of presence during the lessons and interest in the subject. In particular,
the interaction between the lecturer and the students increase. The students' requests are
mainly addressing discussion about alternative computational solutions and specific
material characteristics. This remark stimulated the lecturer to implement in theoretical
lessons some active learning activities.
These results suggest a positive relationship between PBL and FSA in a non-technical program, such as an Architecture program. Architecture students are used to working in teams and are often asked to develop a project inside a course. In this way, the
technical aspects, usually found to be the hardest ones, are better understood thanks to
the tutoring activities and the peer-to-peer interactions. This process cannot be ensured
to all the students because the PBL has a degree of freedom in the involvement and
participation in the proposed activities (lessons, revisions and presentation). Indeed, 17
over 20 teams decided to constantly participate in the PBL approach with a personal
and unique timing and flow in design creation. Moreover, the assessment's result
strengthens the hypothesis of a better understanding of the technical structural analysis
characteristics thanks to a concrete simple project design.
Considering the second research question, the possibility of locating the bridge all
around the world and choosing materials that are more familiar for them is a positive
aspect of this new methodology. Indeed, this freedom acts as leveraging on personal
interests reinforcing and supporting the learning process. Another important aspect related to the heterogeneity of the class is the increase of peer-to-peer activities that have
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been registered since the beginning of the course. This informal and spontaneous interaction supports not only the computational side but includes in some cases also a theoretical discussion and study support activity.
Considering the positive results obtained during this first PBL implementation, starting from the academic year 2020/21, the FSA course is included in a design laboratory.
Precisely, a design laboratory is a multidisciplinary course that involves different subjects' areas with a more complex project to be realized in teams.
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