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Abstract: Experiential learning methods are advantageous for students as they motivate them to com-
prehend structural concepts without complex calculations, enhancing their inherent understanding
of static principles. This research introduces a novel, cost-effective haptic didactic tool to enhance
the approach to teaching trusses to students in a School of Architecture. The primary goal is to
address challenges associated with the complexities of teaching structural systems within the context
of architectural education. The proposed approach is related to the most critical issue, which is the
state in which the individual elements are under applied load, compression, or tension. The approach
explores the deformation of the truss elements and establishes a connection between their visible
deformation and the stress they develop under various loads. As a didactic tool, this approach offers
an alternative perspective to help students understand truss function under various loads. Also, an
assessment procedure of learning outcomes and satisfaction indices has been structured to validate
the impact on students on the proposed educational procedure. The findings underscore the signifi-
cant educational efficiency of the proposed procedure as a sustainable way to connect the structural
engineering challenges arising during design courses and creative skills in architecture engineering.

Keywords: experiential learning; truss model; structural engineering; architectural engineering;
workshop activity process (WAP); truss design process (TDP); experiential deformation approach
(EDA); mutual teaching; collaborative learning

1. Introduction

Experiential learning plays a significant role in the field of contemporary pedagogical
methodologies. In contrast to conventional teacher-centered learning approaches that em-
ploy relatively passive strategies, this method sets the student as the central teaching point,
assuming a more active role in acquiring knowledge through experiential engagement [1–3].
The learning process can be optimized through the transformative approach of experiential
engagement, as developed by the founder of experiential learning theory [4–6].

1.1. Teaching Structural Engineering in Architecture Using Experiential Learning

Educating architecture students presents inherent challenges. In the conceptual learn-
ing of engineering science, it is well known that architecture students encounter difficulty
comprehending the fundamental concepts of structural engineering science concepts [7,8].
In the context of structural engineering science courses, practical teaching methods play a
crucial role in imparting a tangible, physical dimension to the understanding of structures
and construction systems. Experiential learning, identified as a promising pedagogical
approach at the academic level, explicitly addresses the conceptual learning aspects of
architectural courses. Through active involvement with actual structural engineering
data, students acquire metacognitive skills directly applicable to the challenges architects
encounter in real-life conditions [9]. These methods align with the principles of a student-
centered approach, which emphasize the importance of active participation, autonomy, and
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critical thinking. Teaching techniques included discussion, question-and-answer, working
in groups, brainstorming, simulation, role play, and practice to promote active learning
and student engagement within the educational environment, reflecting a commitment to
student-centered and adult learning principles [10].

The time constraints within architectural curricula and numerous obligations across
various courses limit the time to provide structural engineering knowledge. Additionally,
the distinct separation of structural engineering subjects from construction and design-
oriented ones increases students’ difficulty connecting real-world design challenges and
structural design concepts during design courses. The learning-by-doing approach is
expanded into creative practices by utilizing engineering constructs. The didactic approach
is fundamental to addressing structural engineering education primarily from architectural
perspectives, promoting a transdisciplinary interchange [11,12].

1.2. Integrated Learning Approaches for Enhancing Structural Understanding in Architecture

Integrated learning approaches are essential to improve understanding of structural
concepts in architecture. Students can understand complex structural principles by com-
bining various educational methods, such as hands-on experiences with physical models,
collaborative problem-solving in group settings, and theoretical discussions in classroom
settings. This integrated approach allows students to explore structural concepts from mul-
tiple perspectives, enhancing their learning and promoting more profound understanding.

1.2.1. Experiential Learning: Learning through Physical Models

Structural engineering design requires an understanding of the relationships between
principles of statics, such as equilibrium conditions, force vectors, support reactions, and
the analysis of structural elements under various loading conditions. In this context, the
construction and the iterative development of physical models play a fundamental role in
the conceptual phase of the design process. Physical models are vital in architecture [12]
for exploring experimental ideas holistically and effectively, including building awareness
regarding the optimum use of materials and resources. The use of physical and digital mod-
els in this pedagogic approach successfully engaged students, promoting the integration
of structural parameters in early architectural design stages and simultaneously creating
a common ground for architects and engineers towards an interdisciplinary practice and
education [13].

In the study of Vrodissi et al. [14], the foundational concept of structure is introduced
in the initial stages of the design process, and contextual constraints are then integrated to
underscore the intrinsic connection between structure and space. The objective is to explore
structural engineering concepts within an inclusive design perspective and transform the
structural concept into a meaningful architectural idea.

Consequently, teaching the structure only by discussing it is not a solution to the
problem as it does not answer the issues that arise during architectural design. Based on the
findings of the study of Montes et al. [15], they introduce a new way to teach engineering
mechanics in architecture degrees, using everyday objects within their reach to build an
object or structure that must remain in a “creative balance”, and this will serve as an
inspiration for new buildings. The equilibrium challenge uniquely promotes intuition and
creativity, crucial aspects for the future development of architects within their profession.
The obtained results underscore the efficacy of the methodology, proving how students
perceive these exercises as an enjoyable means of learning through experimentation.

1.2.2. Sustainable Learning: Learning through Collaborative Environments

In higher education, collaborative learning is critical for qualifying students with the
skills to handle complicated challenges. It is also helpful to combine collaborative learning
with learning by teaching to investigate and receive more advantages relevant to sustain-
able education. It recognizes and introduces the importance of diverse perspectives and
expertise in handling complicated issues [16,17]. Essential learning pedagogies to integrate
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sustainability in engineering education are student-centered, experiential, problem-based,
constructive, and transformative learning approaches. The above approaches enhance
interdisciplinary knowledge, collaboration, problem-solving skills, and critical thinking,
making it suitable for combining sustainability into engineering curricula. By engaging
in those processes, students acknowledge their learning and personal needs and develop
strategies to fulfill them [18].

The study of Dominguez et al. [19] focuses on a practical experiment rooted in real-
world contexts. It reveals a distinction between theoretical knowledge and its practical
implementation. This discrepancy underscores the necessity for increased hands-on activi-
ties within the curriculum. The study emphasizes integrating physics and mathematics
through modeling and adopting a student-centered approach. Also, the collaborative
nature of these activities enhances the overall learning experience. Meaningful dialogues
within small groups have played a crucial role in the students’ successful construction of
models. Teachers can enhance students’ motivation in sustainable development education
by offering autonomy, encouraging reflection on future roles, fostering community collabo-
ration, and enabling personalized learning aligned with individual goals and interests [20].
Implementing sustainable teaching methods can improve the linkage between various
course content and curricula.

1.3. Truss Physical Models

Sadowski and Jankowski 2021, utilized a physical 2D truss model to teach structural
systems to architecture students. The applied method of visualizing the forces using LED
lights was clear and can also be helpful in teaching structural engineering students, enabling
the understanding of the work of individual elements of the truss. The surveyed students
showed great interest in the project as well as recommended its use in further teaching [21].
Frequently, structural engineering science courses are founded on the comprehension of
fundamental theoretical principles, vectors, forces, moments of forces, bending moments,
equilibrium, etc. Pursuing a similar objective [22], Bigoni et al., 2012, constructed a simple
3D physical Warren-type truss model to effectively understand trusses’ structural behavior.

Allen and Zalewski 2012, maintain that design intuition resides in the subconscious
and can be cultivated or suppressed through years of exposure and association. They
emphasize a critical perspective of pedagogical approaches within polytechnic institutions,
focusing on calculating structures with specific static schemes. However, they contend that
the core challenge lies in shaping a structure to optimize static and aesthetic outcomes. The
form of a structure is a direct result of comprehensive considerations involving the object’s
function and the spatial distribution of forces. The significance of the design intuition
asserts its derivation from a synthesis of life experiences, soft skills, and professional
insights. The flow of forces method significantly changed the qualitative approach to
teaching and designing structural systems generally. It referred to the graphic visualization
of the invisible network of internal forces, making it a helpful approach for learning without
using calculations. The structural behavior can only be represented by two types of internal
forces: compression and tension, which, being mutually perpendicular to each other, create
an orthogonal system of stress trajectories [23].

1.4. Assessment of the Educational Process

A critical aspect of the educational process involves assessing students to provide
feedback. Richardson et al. [24,25] created a tool that can efficiently and reliably measure
students’ conceptual understanding of the strength of materials. They aimed to validate
and ensure the reliability of inventories through student group administration and response
validation via interviews and assessment procedures. Montes et al. [26] used an ad hoc
questionnaire to evaluate the effectiveness of their methodology in improving students’
understanding of physics concepts. The questions were designed to assess the students’
knowledge and perception of the activities. The above approaches deviate from traditional
classroom dynamics and transform the evaluation methodology of the subject. Furthermore,



Educ. Sci. 2024, 14, 354 4 of 22

critical self-reflection on teaching can lead to the transformation and the adoption of
alternative teaching practices since the critically reflective process is a critical point for
enhancing an academic’s pedagogical, curriculum, and instructional knowledge [27]. In
engineering education, rubrics are used for grading and receiving feedback during active
learning and hands-on activities. These evaluative tools clarify to students the expectations
embedded in the success criteria for their final learning outcomes. Assessment procedures
help students better understand the educational steps. The observable action provides
evidence of achieving the task, thus maximizing the usefulness of the assessment procedure
in teaching interventions [28,29].

The Critical Incident Questionnaire (CIQ) is a well-known tool that allows teachers
to carry out reflective work [30]. It identifies the significant situations that the students
face during the teaching process. It stimulates the teacher’s decision-making capacity
and response to face the teaching procedure strategically and innovatively. Also, as an
intervention tool, it is helpful to raise the awareness of those involved, assess the actions
triggered, and propose alternative actions for similar contingencies [31]. The CIQ is an
effective qualitative instrument to assess critical reflection and critical incidents during
learning [32] and may assist instructors in determining student engagement and the impact
of the instructor’s teaching [33]. Stephen Brookfield suggests that the journey to uncovering
the value of teaching involves engaging in critical reflection; it operates as a feedback tool
for educators to improve the teaching procedure.

1.5. Purpose of This Article

This study aims to alleviate architecture students’ challenges in understanding struc-
tural engineering by using practical simulations involving simple materials or easily accessi-
ble structural components. During educational practice at the Department of Architectural
Engineering of the Democritus University of Thrace in Greece, the author prepared vari-
ous structural simulations during courses and workshops [34]. Because of the difficulties
faced in understanding structural concepts, it is necessary to find ways to enhance the
students’ understanding of these issues. Also, to bridge structural and synthetic courses in
the preceding workshops, it became evident that students derived great satisfaction from
hands-on experimentation with fundamental tangible materials. This realization prompted
the idea of creating a specialized workshop exclusively dedicated to delving deeper into
truss operation.

The objective of this study is to select specific teaching model configurations to test and
try, providing the students with an opportunity to develop a more profound comprehension
of the operational principles of trusses. The truss structure represents a fundamental
structure in which the elements operate exclusively in either compression or tension. It is
an ideal didactic example for architecture students, facilitating comprehension of various
concepts in the engineering structures course syllabus.

The investigation evaluates the implementation of the didactic tool, examining the
efficacy of experiential and mutual learning in structural engineering education through
a hands-on workshop. To achieve and evaluate the results of the workshop, targeted
questionnaires and feedback worksheets were developed to assess experiential students’
performance and metacognitive skills before and after the workshop. The findings reveal
a substantial enhancement in students’ comprehension of concepts, team collaboration,
communication skills, and critical thinking following the workshop. This suggests that
experiential workshops hold considerable promise as valuable resources for enhancing
structural engineering education for architects. The paper concludes by endorsing the
more extensive integration of such workshops into the curriculum of architectural schools
offering structural courses.

The novelty in the present work is the development of a simple, accessible, cost-
effective, sustainable, and practical truss didactic tool designed to promote a deep com-
prehension of the structural engineering concepts of trusses. Finally, the entire process
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is evaluated to obtain relevant information that can be used to improve the educational
procedure in the future.

2. Methodology of the Truss Design Process and Evaluation of the Workshop
2.1. Participants and Pedagogy Methodology

This study involved the participation of 50 first-year Architecture School students. The
students were grouped into 8 groups, actively collaborating to coordinate experiential truss
simulations as outlined in a provided worksheet. Each group was assigned a leader, who
was a higher-year student, to assist with the education procedure. For this reason, besides
the experiential teaching method, this approach is integrated with mutual learning, creating
a synergistic educational environment. In this combined framework, students actively
engage in hands-on experiences while participating in collaborative learning activities.

In mutual learning, students teaching each other is alternatively recognized as “learn-
ing through teaching”. This concept is not new and has historical precedence in educational
methodologies. Mutual learning is a crucial approach to enhancing learning effectiveness
and can increase conventional educational methods [35]. Collaborative learning, character-
ized by active student–teacher engagement and group-based problem solving, deviates
from traditional teaching methods. This approach, emphasizing teamwork and commu-
nication, is particularly beneficial for sustainable education. The emphasis on collective
strengths and weaknesses within groups contributes to a sustainable educational frame-
work that prepares students to navigate and contribute to a more sustainable future [36].
Fiorella and Mayer 2014 [37] investigate whether the learning outcome is more effective
when students prepare to teach compared to when students prepare for a test. The results
show that preparation for teaching can be an effective learning strategy even without
training or interaction with another student.

It is worth mentioning that the students had no truss experience except the day before
they attended a course regarding the theoretical fundamental structural principles of trusses.
Conversely, the leader had successfully completed exams on trusses in the previous year.
Nevertheless, an extra session dedicated exclusively to student leaders was conducted a
day before the workshop. The purpose of this session was to provide detailed information
about the educational procedure and the aim of the workshop, enabling leaders to refresh
their understanding and disseminate more effectively to others throughout the workshop.

2.2. Workshop Activity Progress (WAP)

The WAP was designed to encourage the students to attend the procedure effectively.
It is evaluated through custom-made questionnaires to offer an overview of performance
concerning learning outcomes achieved. The WAP contains the Truss Design Process
(TDP) as a foundational section, which introduces the Experiential Deformation Approach
(EDA) utilized to assemble visual transformations to the loaded trusses. Specific teaching
truss model configurations are selected to test and try. The assessment procedure was
recorded from the initiation of the workshop to its end. Four custom-made questionnaires
were formulated for comprehensive analysis and evaluation to assess the efficacy of the
workshop concerning its influence on educational effectiveness and learning outcomes.
Figure 1 outlines the steps of the WAP and the respective duration. The entire process
lasts approximately three hours. The WAP consists of seven steps. Initially, students are
organized into groups, each group receiving a kit with the necessary materials. Following
this, the first questionnaire is distributed. The central phase of the WAP, known as TDP,
is initiated and occupies the majority of the time. Finally, the evaluation process occurs,
involving three designated questionnaires. The duration of each step is referred to in
Figure 1 and analyzed in each relevant section.
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2.2.1. Materials and Implementation of Truss Models

Students were divided into groups. Each group was provided with a toolkit containing
the essential material for constructing the truss, as shown in Figure 2. The toolkit contains
7 steel elements, 2–3 elastic bands (EB), some ropes, 5 fastening sets, 2 supports to imple-
ment a pin, a brick to represent a roller, and a worksheet with instructions. These materials
are carefully selected using sustainable approaches. Each material is fully reusable without
consuming energy during its use. A period of 15 min is provided for the exploration
of materials.
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The fundamental configuration of the 2D truss is a triangular assembly of pin joints
connected to straight structural elements made of metal, representing well-known variances
of the Warren truss, two types of variations, M and W (Figure 3). Implementing a 180-degree
rotational adjustment from the M type can result in the W type as an alternative design
using the same materials. Both trusses are statically determined and supported by a roller
and a pin. The supports are positioned at the lower nodes as a supported beam for the
M type and an overhanging for the W type. Structural elements of a truss are subjected
to either compression or tension when the external concentrated load is applied at their
pin-joint connections. Three types of loads distinguished by their variations are applied
during the workshop: concentrated loads oriented towards gravity (G), concentrated loads
opposing gravity (−G), and lateral loads (L).
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Figure 3. Configurations of the tested 2D Warren trusses: (a) M type and (b) W type.

Four distinct configurations for each truss model are selected due to the truss’s inher-
ent symmetry and the requirement to substitute a maximum of two EBs simultaneously.
Twenty-four configurations are generated to systematically investigate the structural behav-
ior of the two truss model configurations. In Figure 4, the schematic form of the twenty-four
configurations can be seen with dotted circles in the positions in which elements are substi-
tuted by EBs. In order to apply a concentrated load, a rope is affixed to the specific joint as
illustrated by the red vector where the arrow shows the direction. Students note a (+) or
(−) inside dotted circles to indicate tension or compression, respectively.

Figures 5 and 6 depict some selected configurations of the Warren-type trusses, M
and W, at un-load UL and on-load OL cases, respectively. It is apparent when an element
replaced by an EB is in compression (−) or tension (+) under the specific applied load. The
yellow rope represents the applied force on a joint.
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2.2.2. Experiential Deformation Approach (EDA)

When a structure is subjected to various forces or loads, it may deform, which can
be either elastic or permanent, depending on the material properties and the magnitude
of the applied loading. Deformation in the context of structures refers to the change
in dimensions or shape of a structure under the influence of external forces, loads, or
environmental conditions. Understanding and predicting deformation are crucial for
ensuring the structural integrity and safety of a building or any other engineering structure.

Trusses are very helpful didactic examples in visualizing internal forces and their flow.
Due to their design properties, truss elements theoretically develop only axial forces, i.e.,
compression or tension. Understanding the deformation of a truss under various load
conditions is crucial for designing stable systems. Engineers analyze the forces acting on
each element to ensure they remain within acceptable limits to prevent catastrophic failure.

The framework for understanding the TDP was organized to motivate the students
and illustrated in Figure 7. The workflow in this figure illustrates the steps of TDP and the
learning outcomes represented by interactive cogwheels, emphasizing the collaborative
and interconnected components working together to achieve comprehensive and evolving
knowledge and skills. At the beginning of the procedure, students are prompted to form
a triangular and a rectangular shape representing a truss. Subsequently, students are
required to evaluate the configurations to determine their stability. Students are tasked
with providing a solution by transforming it into a stable configuration. An element is
added with or without the leader’s assistance, dividing the square into two triangles,
ensuring stability. In the next step, they try to replace the additional truss element with an
EB. When loads are applied to the joints using the EB’s EDA, it becomes visible whether
the EB is under tension due to elongation or under compression due to reduced length
(Table 1, example 4). In the next step, they are motivated to construct a free Warren-type
truss and try to find different ways to support it, as depicted in Figure 8. The Warren
truss is commonly used because of its simplicity and efficient structural performance. It
is characterized by equal-sized members or a series of equilateral triangles. The students
were encouraged to use pin and roller supports. After that, they replace one or two truss
elements with EBs. When applying loads to the trusses, visual changes can be observed
in the form of the trusses. It is easy to observe the changes, for example, when applying a
load, how it affects the geometry and deformation of the truss, and how it redistributes the
forces inside. Upon completing the TDP using the deformation approach, students should
be able to define and comprehend the fundamental concepts related to equilibrium, such as
forces, vectors, and the conditions for static equilibrium and understand the fundamental
differences between compression and tension behavior in elements and structures. This
work focuses on a first-semester course when Structural Engineering is initially taught. The
course includes trusses, constituting 30% of the overall syllabus. At the same time, the
theory of trusses encloses fundamental principles of mechanics, including Newton’s laws,
forces and components, vectors, moment of forces, equilibrium, free body diagrams, types
of supports of a structure, and the equilibrium of a particle or a body. Consequently, it is
significant that the learning outcomes related to the trusses’ issues encompass over 50% of
the total course curriculum.

The loads on the joints of the elements influence the deformation of an element of
a truss. Understanding how loads or forces flow into the truss is essential for predicting
deformation accurately. An essential part of this study involves an approach dedicated to
identifying the state the elements are under (compression or tension) using the proposed
EDA. The EDA is based on the assumption that replacing a truss element with an EB
will show the deformation when a load is added. Upon applying a load, the observable
deformation of the EB or EBs serves as an indication of the mechanical behavior of the truss
element replaced by the corresponding EB.

Figures 9 and 10 depict selected configurations of the two Warren-type trusses M
and W at the un-load and on-load cases, respectively, using EDA. The deformation of
the EBs represents the tension or compression of the truss element replaced by an EB. In
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Figure 9, three particular cases are presented. The first case represents the compressive
behavior of the top truss element substituted by an EB under gravity load. The second case
demonstrates complex behavior due to the lateral applied force. One diagonal internal
element is under compression, while the other is under tension. In the case of the lateral load
changing direction, the behavior changes, respectively. In the third case, a dual substitution
of two truss elements with EBs is observed. The gravity direction of the applied force
influences tension in both elements similarly, as is evident due to the deformation of the
EBs. Yellow lines represent the border of the initial length of the truss element, while
the dotted red lines represent the deformed state of the truss element. In every case, the
deformation represents the state under which the individual element is under tension or
compression and is marked as (+) or (−). In some cases, the deformation of the element can
be visible at two edges. In those cases, a red dotted line can be seen at two edges. Figure 10
illustrates three specific additional cases related to the W type.
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2.2.3. Workshop Evaluation

In the next step of the WAP, each group member receives an assessment worksheet
containing multiple-choice questions via the university’s e-learning platform. Students are
given 15 min to answer. Directly after answering the questionnaire, students immediately
confirm the percentage of correct answers, gaining insight into their current level of knowl-
edge. All students realize their initial level of knowledge on fundamental principles of
trusses. This is identified as a pre-questionnaire.

In the next step, the TDP initiates. It lasts about one and a half hours, as described in
detail in the previous subsection. At the end of the TDF, each group member receives an
identical assessment worksheet to the pre-questionnaire for immediate feedback on their
comprehension of the truss operation developed during the TDP. Students are given 15 min
to answer, the same time as the pre-questionnaire. This is identified as a post-questionnaire.
The aforementioned pre- and post-questionnaires illustrate the advancement in knowledge
acquisition from WAP.

The CIQ was customized to address the diverse needs of learners across various
educational levels [38]. A hard-copy anonymous CIQ consisting of 5 questions with
free-text answers was given during the WAP to gather valuable insights and reflections
from participants.

Finally, an additional questionnaire was provided to assess both the satisfaction and the
level of comprehension estimated by the students themselves. Through this questionnaire,
students provide valuable feedback on their experience during the WAP by responding to
five questions concerning their interest, difficulty level, comprehension, team collaboration
success, feelings and thoughts about the WAP, and metacognitive skills they developed.
The well-known Likert scale [39], containing an odd number of characteristic values, was
used for this. In the current study, the participants were presented with a five-point scale
where 1 is “strongly disagree” and 5 is “strongly agree”, and were given 15 min to answer.
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3. Results

The results are divided into three sections. The extensive comparative analysis of the
pre-and post-questionnaire reveals the performance of the students’ learning outcomes.
The second section presents the results from the feedback evaluation of the Likert-type ques-
tionnaire, which shows the students’ feedback about the process. The third section shows
selected statements extracted from the anonymous CIQ, which were reported and analyzed.

3.1. Results of the Pre- and Post-Questionnaire

The pre-questionnaire consisted of 10 questions, which were designed to assess the
students’ knowledge and perception of the activities. The questions were structured in
relation to the challenges proposed in the WAP, and the students were required to choose the
correct answer between three multiple-choice options. The post-test results were analyzed
to determine the effectiveness of the proposed approach in helping students understand
the concepts of structural engineering in trusses.

Table 1 shows the pre- and post-questionnaire comprehension questions with their
multiple-choice responses and the results of the corresponding success rates. The correct
answers have been underlined. The success rate in the post-questionnaire, in general,
demonstrates a notable increase compared to the corresponding success rates observed
before the workshop. The results of the post-questionnaire indicate that the majority of re-
sponses are highly successful, above 85%. The other ones have a discrepancy improvement
of about 20–30%.

It is worth mentioning that the analytical results for each student, about the pre- and
post-results, demonstrated noticeable progress without any exception. In this direction,
in the case of the first question, a considerable number of students (59.18%) provided
incorrect answers despite the topic of triangular stability being theoretically covered in
class. However, a significantly improved percentage (89.74%) responded correctly in
the post-questionnaire. This underscores the importance of students comprehending the
mechanics through a haptic hands-on procedure.

Notably, in the post-questionnaire, each student demonstrated significant improve-
ment. It is worth mentioning that the pre-questionnaire’s initial performance levels exhib-
ited a range from 2 to 9, while in the post-questionnaire, the observed range extended from
5 to 10. Students can validate the percentage of correct responses in the pre-questionnaire
at the same time via the e-learning platform; thus, the pre-questionnaire may serve as
a motivational factor, prompting them to concentrate during the WAP to improve their
performance in the post-questionnaire.

3.2. Results of the Feedback Evaluation of the Likert-Type Questionnaire

In addition to the previous pre- and post-questionnaire, the students were also required
to rate their level of agreement with each statement on a Likert scale questionnaire. The
questionnaire consisted of five questions, which were designed to evaluate the WAP in
terms of the impact on education, concluding satisfaction, and comprehension indicators
among the students. Figures 11–15 depict the answers, where 1 means “Strongly Disagree”,
2 means “Disagree”, 3 means “Neutral”, 4 means “Agree”, and 5 means “Strongly Agree”.
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Questions:

1. Did you find the truss workshop interesting?
2. Do the truss configurations enhance the intuitive understanding of how the trusses work?
3. Was the difficulty level of the truss workshop high?
4. Did you gain additional knowledge related to the theoretical course from the workshop?
5. Was the truss workshop done in a way that helped the course’s learning process?

The workshop implemented in the first year of the architecture degree has significantly
influenced the methodology of addressing subjects and knowledge. It was observed that
100% of participants agreed that they found the truss workshop interesting, of which
65% strongly agreed. During the workshop, the vast majority of students strongly agreed
that the learning procedure enhanced their intuitive understanding of how the trusses
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work. Consequently, everybody agreed that the workshop effectively helped the intended
purpose of the learning procedure.

Most of the students disagreed that the difficulty level of the workshop was high. Of
them, 70% gained new knowledge relative to the theoretical course. All of them agreed
that the way the workshop was carried out helped the learning process of the course.

In general, according to the questionnaire, the learning procedure during the workshop
was easy, efficient, and interesting.

3.3. Results of the Critical Incident Questionnaire (CIQ)

The students were required to complete a custom-made CIQ. The Critical Incident
Survey is based on a survey by Stephen Brookfield and consists of asking students to
reflect on the critical moments they remember from the WAP and TDP. The questionnaire
is tailored to fit the requirements of the truss workshop. There were five questions and
typical comments from the students are as follows. Answers are arranged in order of their
frequency, with the most common ones appearing first.

1. At what moment in WAP did you feel most engaged with what was happening and
better understand the operation of the truss?

. . .“after a significant experiential example”. . .

. . .“during the experiential activity”. . .

. . .“when the leader explains”. . .

. . .“with the use of EBs” . . . “instead of elements”. . .

. . .“when I saw them happening”. . .

. . .“when I understand the operation of the EBs. . .during applying forces”. . .

. . .“when I grasp with my hands”. . .

. . .“when I saw them happening”. . .

. . .“when we actually used in practice what we had learned in theory”. . .

2. At what moment in WAP were you most distanced from what was happening and
felt confused about the operation of the truss?

. . .“at the beginning”. . .“before leader explain”. . .

. . .“at a significant configuration”. . .

. . .“I didn’t feel”. . .

. . .“just when I finished the first questionnaire”. . .

3. What action that anyone (teacher or student) took did you find most affirming or helpful?

. . .“the replacement of elements with EBs”. . .

. . .“the leaders explain the workshop”. . .

. . .“all were useful” . . . “we understand better the operation of the trusses”. . .

. . .“the conversation during the workshop”. . .

. . .“my participation at the workshop”. . .

. . .“when the leader demonstrates the operation of the mini truss”. . .“hand-on
demonstration”. . .

. . .“none”. . .

. . .“movements of the rope”. . .“apply forces on the truss”. . .

4. What action that anyone took during the WAP that puzzled or confused you?

. . .“none”. . .

. . .“when we tightened the screws enough”. . .“we had to apply a huge amount of load
to see deformation”. . .

. . .“the brick”. . .“when the truss was unstable on the brick”. . .

. . .“I don’t remember”. . .

. . .“at a significant configuration”. . .

. . .“guess without explanation”. . .

. . .“the workshop only helps me, but I feel confused during the theoretical course”. . .

. . .“none, I feel confused about the course but not so much anymore”. . .
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5. What aspect of the WAP surprised you the most?

. . .“I realized compression tension and”. . .

. . .“that the leaders could explain very clearly”. . .“and understable”. . .

. . .“I started to understand physics”. . ..

. . .“how truss works”. . .

. . .“how easy it was”. . .

. . .“the effect of the loads on trusses”. . .

. . .“It was relatively easy”. . .

. . .“create a truss on a small scale”. . .

. . .“the way the elements moving”. . .

. . .“now I can understand better the exercises”. . .

. . .“at the end from 4/10, I got 10/10”. . .

. . .“the practice of theory”. . .

. . .“It was very experiential and understandable”. . .

. . .“interesting workshop”. . .

. . .“sometimes it was compression or tension, and I wouldn’t expect”. . .
The most significant feedback received from all of the above answers was the role of

the leader. It was critical in all steps of the WAP. Students feel most engaged with what
happened and better understand the truss operation after a significant experiential example
and generally during the experimental activity.

It is very important that many students felt confused about the operation of the truss
at the beginning and before giving explanations. Many of them did not feel confused at all,
and some after having finished the first questionnaire. This is somewhat expected because
they were invited to answer the questionnaire without having any experience first, except
for the theoretical course the day before, which was captured from the pre-questionnaire.

The replacement of the elements with the EBs was found to be the most helpful
action. As they stated, they understood the operation of the trusses better after the WAP.
It was very helpful to interact with all of the participants while having conversations
and exchanging aspects. Most of the students replied “that no action was taken during the
workshop, which is puzzling or confusing me”, although there are two replies worth discussing.
The first was about “the screws fastening very tight, and they couldn’t use the trusses properly
when applying loads”. During the WAP, most of the students realized that it is not the
tightness of the joints that makes the truss stable but the triangular configuration. The
second was about “when the truss was unstable on the brick”. The truss teaching model
represents a simple 2D physical model, designed to be affordable, utilizing readily available
materials for its construction. Due to the above issues, it was necessary to consider and
discuss certain assumptions during the WAP. Despite the fact that the majority of students
comprehended the assumptions, both observations were considered for the optimization of
the next workshop.

Their greatest surprise occurred when they recognized how a truss works in practice
and the development of compression, tension, and no tension in the elements, which is
visible due to using EDA. Many of them refer to how easy it was and how experiential and
understandable it was.

Some replays show that they can now better understand the physics and the exer-
cises. This is an important outcome that may improve their performance in the course’s
final exam.

4. Discussion—Advantages, Limitations, and Future Work

The application and effectiveness of a practical, experiential approach in teaching
structural engineering within the architectural environment are discussed. This approach
contributes to the pedagogical strategies, learning outcomes, and overall impact of employ-
ing a hands-on methodology in the educational engineering process.

The workshops performed during the first year of the architecture degree have signifi-
cantly influenced the methodology used to address subjects and knowledge. Departing
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from traditional teaching methods, the workshops encourage learning through experi-
mentation and practical application instead of memorization, and they have been a real
achievement in motivating student participation in their learning [15,40], as Table 1 reveals.
The teaching approach scales affordably to larger classes with increased material needs due
to low material costs. It demonstrates adaptability to various educational environments,
adapting to different levels of student populations, backgrounds, and abilities. It contains
flexibility to distinct educational levels in school, undergraduate, polytechnic institutions,
and STEAM (science, technology, engineering, arts, and mathematics) programs [15].

An alternative evaluation approach for assessing the effectiveness of the proposed
experimental procedure in enhancing the learning process could involve comparing the
results of two student groups regarding their comprehension of truss behavior: Group A,
which participated in the proposed experiential procedure, and Group B, which engaged in
a theoretical course covering the same content but presented through theoretical instruction
rather than hands-on experience.

Active learning based on mutual and collaborative learning promotes a positive
attitude towards learning, as disclosed by the CIQs.

Each group participates in a model exchange procedure where they share their re-
spective designs with other groups. During this exchange (see Figure 2), each group is
tasked with completing all the marked circles in the models provided by the other groups.
This collaborative activity promotes knowledge sharing, cross-evaluation, and a collec-
tive effort to enhance the overall quality of each model. By engaging in this reciprocal
exchange and addressing the marked circles in other models, groups can benefit from
diverse perspectives, insights, and expertise, contributing to a more comprehensive and
refined final result.

A limitation is imposed when replacing more than two EBs due to the model’s un-
stable condition. Despite that limitation, students can concentrate more thoroughly on
each case. Simultaneously, they can collaborate directly with other groups who replace
different elements. Cooperation among the groups is supported to achieve a comprehensive
supervisory overview.

Despite its limitations, this portable truss didactic tool demonstrates flexibility, allow-
ing all students to use it easily during the WAP. In contrast, other methods that demand
bulky equipment limit student participation in the hands-on experience. It is possible in
future work to replace the EBs with springs, or if the elements are too long, replace them
with a force meter to directly measure the amount of compression or tension developed.

The learning outcomes of the process are many and are fulfilled by collaborative
learning benefits. Among these benefits are enhanced critical thinking skills, improved
communication abilities, and the development of effective teamwork and interpersonal
skills. Collaborative learning also facilitates a deeper understanding of diverse perspectives
and encourages active engagement with course material.

5. Conclusions and Further Developments

This study introduces an experiential, low-cost, and sustainable didactic tool, to
enhance the teaching procedure of structural engineering in Architectural Studies. The
proposed model can be easily demonstrated during a course using accessible materials. A
WAP was developed to assess the TDP and its effectiveness in students’ comprehension
of trusses. The students actively collaborate in experiential procedures to deepen their
understanding of structural engineering topics. The WAP results indicate that students
profoundly comprehend the behavior of truss elements under various loads. The suggested
EDA involves observing visual changes in trusses and understanding the impact of loads
on geometry and deformation. Deformation represents the state of the truss elements
(under compression or under tension).

The combination of experiential and mutual pedagogical methodologies enhances the
overall learning experience by applying practical skills through real-world applications
and promoting the exchange of knowledge and insights among near-equivalents.
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In general, the success rate in the post-questionnaire demonstrates a notable increase
compared to the corresponding success rates of the pre-questionnaire. Specifically, an
average of 80.0% responded correctly in the post-questionnaire, a significant improvement
compared to 45.7% in the pre-questionnaire.

Notably, the anonymous CIQ indicates that students found the learning process easy,
effective, and enjoyable. Their engagement was exceptionally high during experiential
activities and in the practical application of theoretical concepts. The workshop improved
students’ understanding of structural concepts and positively influenced their learning
experience and engagement with the subject, as depicted in the questionnaire. The EDSA
suggests an effective didactic tool for teaching structural engineering in architecture, im-
proving students’ learning outcomes in this field, and providing a deeper connection
between structural and architectural design parameters.
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