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Abstract

Developing infrastructure involves complex processes that require the effective integration of
interdisciplinary professionals. Consequently, coordination is essential for the development of
construction projects at any scale. Probably, the most important cohesion that needs to happen
within said projects is between architects and civil engineers, but often they seem to be at
opposite ends of the spectrum. Friction between these professionals often translates to delays,
higher costs, and lower quality in the end-product. This preliminary exploratory study aims to
understand civil engineering and architecture students' perspectives on collaboration through the
creation of hands-on groups tasks that host students from both architecture and civil engineering.
This pilot study combined three modules of second-year courses from both majors (n=78
students) that required students to work in teams for four weeks. After the courses were finished,
the authors administered a survey with open - and closed-ended questions to gather qualitative
data on self-reported perspectives on collaboration. The results of the pilot study suggest that
students working together from early stages have the opportunity to develop soft skills, expand
their networks, and, most importantly, appreciate their counterpart’s perspectives. Finally, the
authors reflect on future research paths in collaborative learning as well as in soft skills training
and development for majors from the construction industry.

Introduction

Globalization of the construction industry has elucidated the lack of cooperation required from
architects and civil engineers to work together in projects at a national and international level
worldwide [1]-[4]. This often translates to delays and economic losses in building projects. As a
result, academic efforts are needed to move away from traditional methods of teaching that place
a large distance between both majors, limiting spaces for cooperation and understanding from the
start. In general, there is a gap between academic requirements and industry expectations of
collaboration [1], [5]-[8]. Thus, having professionals who understand the contributions of their
counterparts is key to improving the construction process [9]. In fact, working together and
contrasting their intrinsic professional perspectives early in the academic path may push
boundaries of efficiency and creativity while developing the necessary soft skills to reduce
friction in the future [10].



This research focuses on the execution of an early academic pedagogical intervention which
aimed to understand civil engineering and architecture students' perspectives on collaboration.
The academic pedagogical intervention consisted of bringing together architecture and
engineering students into groups that would develop hands-on activities on topics they had seen
in their respective Statics and Structures 1 courses. In the end, the study gathered self-reported
qualitative data from students to explore the value placed on working with their counterparts.
The mechanism behind this pedagogical intervention was to foster a space of collaboration
resembling a professional environment where both majors had crucial roles to effectively
complete their tasks. After the pedagogical intervention, students placed high value on certain
benefits of collaboration and a newfound appreciation for their counterparts. Additionally,
students expressed that the implementation of soft skills or lack thereof could predict their team’s
successful performance.

Background

Academic interventions for collaborative learning at the undergraduate level in construction-
related majors

Efforts to create spaces of collaboration between majors involved in the construction industry are
starting to move from traditional lecture-based pedagogy to more interdisciplinary, hands-on and
student-centered approaches. In fact, recent research has focused on the implementation of
interdisciplinary project-based learning modules to promote collaboration between construction-
related majors [1]-[3], [19]. Interventions range from making use of technology to create
Building Information Models (BIM), where students can directly appreciate the benefits of
collaboration in a design of the built environment or infrastructure project [22], [23], to
designing activities that require complex problem solving where tools such as communication
and teamwork are essential [24]. According to several authors, the implementation of this type of
pedagogical approach has the potential to increase reflective thought, creativity, communication,
and effective groupwork [1]-[3], [25], [26].

To develop educational modules that encompass both majors, several factors must be considered
such as the application domain, development tools, educational systems, teaching devices and
pedagogies, and learning strategies [32]. Pedagogical modules that welcome civil engineering
and architecture students can take advantage of the bottom-up pedagogical effort made in
universities [32]. Since construction majors are inextricably connected to real-world practice
[33]-[35], pedagogical modules may implement problem-based [17], [28], project-based [22],
experiential learning [16], [27], role playing [36], and other techniques for students to face
interdisciplinary challenges [37]. Undoubtedly, providing society with civil engineers and
architects who can understand each other's way of acting and thinking will help advance the
construction area. If there is an early understanding between both professions, performance
improvement can even be expected [14], [38].

Soft skills in the construction industry

The current construction industry requires engineers and architects to communicate effectively,
work within interdisciplinary teams, and adapt to a changing field. However, these qualities are



not intentionally developed in academic settings, widening the gap between recent graduates’
employability and industry expectations. This paper uses Mahasneh and Thabot’s (2015)
definition of soft skills which refer to the set of essential non-technical skills that may include,
but are not limited to, management and communication skills, collaboration skills, conflict
resolution, workplace professionalism, social intelligence, planning, and organization.

Research suggests that universities and students place a higher value on developing technical
skills rather than catering to what the job market also needs in terms of soft skills [5], [29], [39].
Several surveys on companies’ satisfaction reveal that while graduates successfully deploy their
hard skills, they fall short in effective communication, management, and teamwork [5], [6].
Consequently, several attempts to promote soft skills in different stages of professional
development have been put into place [4], [25], [33], [39]. However, there is often a lack of rigor
in defining what soft skills are, how to quantify them, and how to decide which ones are
particularly required for the construction industry [4].

This study found that encouraging collaborative spaces, such as the proposed pedagogical
intervention, may foster the development of certain soft skills such as communication,
teamwork, empathy, and problem solving. Communication refers to oral, written, presenting, and
listening abilities. Furthermore, teamwork relates to cooperation, getting along with others,
supportiveness, and helpfulness. At the same time, empathy is a crucial component of
interpersonal skills that allows an individual to understand different perspectives. Finally,
problem solving is the ability to find and effectively apply solutions to issues that may arise.

The following sections present the methodological approach for designing the interdisciplinary
educational module and how the researchers assessed the experience of students from both
majors. Then, the results are presented and contrasted with the existing knowledge. The authors
reflect on future research paths in collaborative learning as well as in soft skills training and
development for majors from the construction industry. Implications for research and practice
are provided.

Methodology

The first part of this exploratory study, which is reported in this article, uses a qualitative method
approach to measure the performance cognition among civil engineering and architecture
students when working together. The data was collected during the Fall 2021 semester with
students from the engineering course Statics (n=38 students) and two sections of the architecture
course Structures-1 (n=20, n=20 students) for a total sample size of n= 78 students. The
instructor remained the same for all courses in this study. Students were divided into groups of 3
members with at least | member from the other major and worked together for the weekly
assignments for four weeks. Before the final assignment, a hands-on workshop, students were
divided again into new groups. Then, researchers administered a survey to the students
participating in the experimental process (n=78 students). The survey, developed by the
researchers, contained both closed- and open-ended questions. In the survey students self-
reported their experiences when working in multidisciplinary groups, identifying the benefits
they obtained and the challenges that arose while solving the different tasks that were proposed
during the process.



Data Analysis

The authors conducted a content analysis of the students’ responses about the experience. The
goal was to find main ideas and to be able to form groups of ideas that many of the answers
encompassed to analyze all the feedback received by the students, identifying the positive
experiences, the skills gained during the development of the activities, and the challenges that the
students encountered when working with unified courses of the two careers. Students also
provided suggestions on possible improvements for the combined educational module.

The learning module characteristics

The students worked in multidisciplinary groups for four weeks, during which they learned
definitions and identified centroids, moments of inertia, and internal forces in trusses. Typically,
students met for two 1 hour and 20-minute sessions per week. The class schedule of the second
session of the week was modified and moved to Fridays at 4:00 pm so students from all three
courses had class together. After the Friday class, students had an assignment to work on in
teams due Friday night. The teams were made up of three students, and each team had to have at
least one student from the other major. The first week’s topic was Centroid, and the practical
team assignment was related to rotational equilibrium. The second week’s topic was Moment of
Inertia, and the practical team assignment was to apply the concepts to the practical team
assignment was finding the moment of inertia of the structural floor plan, considering the
disposition of the columns. The third- and fourth weeks’ topic was to determine the internal
forces of trusses by the nodes (concurrent forces equilibrium) and sections method (non-
concurrent forces equilibrium), and the practical team assignment was to determine the internal
forces on a truss from a known bridge near the university and from the roof of a famous
structure.

Students worked in the same teams during the three practical assignments for four weeks. For the
final activity, we rearranged the teams again, so students were in teams with different members
from the ones they worked with before. The final activity was a practical assessment, where
students were given instruction for three tasks. For the first one, students were assigned one of
the topics studied in the previous four weeks and asked to craft slides for a 20-minute
presentation about that topic. For the second topic, students were instructed to determine where
the centroid of the columns of a building is and to determine the moment of inertia in both
directions of such building. Students had to analyze the building to determine where the columns
were and manually take measurements of the dimensions of the column and the distances. The
third task consisted of determining the real internal forces of a small truss of the roof of the
sports building at the university. For this, students had to determine the real weight of material,
take measurements, and make assumptions to solve the task.

Results
Civil engineering and architecture students’ answers about the experience of working with

partners from the other major were collected. There were two main categories that were found to
encompass students’ perspectives on collaboration, namely: benefits reported by students from



working with other construction majors and challenges reported by students from working with
other construction majors.

Benefits reported by students from working with other construction majors

The benefits included (a) working with different perspectives, (b) development and application
of soft skills, and (c) an early exposure to professional collaboration. The subcategories for
benefit (a) were different approaches to problem solving, adopting new approaches for the same
result, efficiency in results, and security and satisfaction. The subcategories for benefit (b) were
communication, teamwork, and empathy. Finally, the subcategories for benefit (c) were
networking, proximity to work life, and complementary careers. The following table shows a
summary of the themes that emerged from students’ answers.

Table 1 Themes that emerged from students’ answers about benefits

Benefits reported by students from working with other construction majors
Different approaches to problem solving

a. Working with different | Adopting new approaches to achieve the same results
perspectives Efficient results

Security and satisfaction

Communication
b. Soft skills Teamwork
Empathy

Networking

Proximity to work life
Complementary careers
a. Working with different perspectives

c. Early exposure to
professional collaboration

The first benefit obtained from the student responses is that students had to deal with different
teammates with different approaches to problem solving. Each member contributed feasible
solutions from their perspective as, for example, was explained in the following quote: "...learn
their way of interpreting problems or how they arrive at an answer in a different way [student A-
3]," or as another student stated, "I feel that having different points of view is interesting, to see
how each person understands things in a different way, but despite this, you can reach the same
conclusion or result [student A-16]." These quotes show that they are struck by the fact that there
are different methods, and they can learn to decide on which method to use and complement
each other for more options for solving problems of this nature.

Another benefit derived from working with different perspectives was efficient results since
students could learn different ways of reaching the same result and, therefore, choose how to
solve the problem efficiently or, in other words, achieve a correct result in less time. This
explanation is supported by the following student quotes: "There are several solutions or ways to
solve an exercise, which allow me to save time [student A-17];" "Looking for the most efficient
and effective way to solve that problem [student E-6];" and "Another view to physical problems
helped to solve everything in a more efficient way [student E-20]." There may be cases where



the methods can be mixed, and, in this manner, the most efficient method is not chosen but rather
created.

Finally, some students were pleased to work in a group because they felt supported by a team
that, by different methods than their own, could reaffirm that the proposed answer was correct.
Students who were struck by this benefit of working with different perspectives expressed it as
follows: "Group work always brings confidence in the subject when we were all sure that
something is right then we feel satisfied with the work [student A-9]." On the other hand, when a
classmate knew more about the subject and explained it to another classmate, some students saw
it as an incentive to stand out and learn more about the subject. This was expressed as follows:
"The activity being something real motivated me to stand out more, seeing my classmates who
could contribute more made me also want to go further, a healthy competition, learning real
things and not only from books is something that really fascinated me [student A-8]." In this way
each one made the other go out of the comfort zone and dare to do more.

b. Soft skills

The second benefit students gain by working in multidisciplinary teams is enhancing soft skills.
Students who are part of this process develop skills in communication, teamwork, problem
solving and empathy. Such soft skills help students to analyze problems from different
perspectives and at the same time look for efficient and functional solutions. The first soft skill
students reported using during this activity was communication. At the time of presenting each
of their varied perspectives, they had to reach a communication agreement to listen and be heard.
The good thing about this exercise was that they allowed themselves to listen to another person
and not be left thinking that their method of resolution was the only one that would work. These
ideas were related by students. For example, "It forced us to agree, to give the floor to another
person to express the reason for their opinion, and it also forced us to really understand the
subject matter so that we could all agree [student E-11]."

The second soft skill students reported using during this activity was teamwork. Some of the
responses included: "I liked the teamwork, besides the positive thing is that everyone sees their
strengths to give one hundred percent in the work and help where needed [student A-5]" and
"We were all looking for the same goal and united ideas to do it well [student E-8]." What the
answers meant was that everyone contributed in different ways and in different percentages, but
all with the objective of having a quality and complete result. They were able to learn to take
advantage of each of the skills of each member so that the final result would be of good quality.
Also, if any member of the team did not understand something, they had the support of their
team to fill these gaps and not be left behind. This is how they learned to work as a team with
students from the other major.

The third soft skill students reported using during this activity was empathy. Students may think
that what they learn in their major is an irrefutable law, but by empathizing with the other major,
they recognize their different strengths. Being able to admit and highlight the positive points of
the other major showed that the students knew how to empathize with colleagues. Some of their
comments about those of the other major included: "They (the architects) try to make the
graphics in a very nice way, while I (engineer) made the calculations a little disorganized so with



that it helped me to be a little more organized [student E-12];" "Architecture students are very
detailed in every sense [student E-18];" and "Engineers are much more logical, much more direct
[student A-17]."

c. Early exposure to professional collaboration

The third benefit obtained from the student responses was early exposure to professional
collaboration. Students were able to start developing their professional network from
early stages of their academic training. It is very common that the first time both careers
relate with one another is in the labor field, but with this small approach, students will
already graduate knowing people from the construction environment who in the future
may be work colleagues. This thought was expressed by several students with the
following words: "It helps to expand our knowledge in the field of construction and
finally helps us to create job contacts that can help us in the future [student E-2];"
"Relating to people from another career that in the future may be our co-workers and
making friends [student A-9];" and "I met people from another career who in the future
may be my co-workers [student A-10]."

Proximity to work life is the second benefit of having been exposed to early professional
collaboration. "I liked interacting with people from another career because in the world of
work we will have a similar experience and it is good to know how to handle such a
situation [student E-16]." This student expressed that he gained knowledge of how to
relate to the people who will be his colleagues in the future, this being an exercise that is
closer to the professional reality in which work is carried out after graduation. The same
sentiment was expressed by other students. For example, "The interaction with people
that we will meet in the future and in the same field of work [student A-4]."

Complementary careers are the third benefit of having been exposed to early professional
collaboration. It is well known that both careers, architecture and civil engineering, are
different but complementary and workers usually realize this when they start working
together. In this case, the students themselves realized this by combining their knowledge
to obtain a quality result. The students expressed the following: "Since we share
knowledge of our careers and we complement each other [student A-20]" and "What one
did not know, the other knew [student A-12]." This interaction allowed students to realize
that architecture and civil engineering can complement each other and, when working
together, the team can propose more comprehensive solutions.

Challenges reported by students from working with other construction majors

As for the challenges, they included different approaches to problem solving and different
communication styles. The challenge of different approaches was divided into two subcategories:
a different points of view for solving problems, and the lack of tools due to different curricula.
As for the different styles of communication, this was also divided into two subcategories: the
difference in technical language, and the lack of time for agreement.



Table 2 Themes that emerged from students’ answers about challenges

Challenges reported by students from working with other construction majors

d. Different approaches to | Different points of view for solving problems
problem solving Lack of tools due to different curricula

e. Different communication | Different technical language

styles Lack of time for agreement

d. Different approaches to problem solving

The first challenge of having different approaches to problem solving was different points of
view for solving problems. Previously, this was stated as a benefit, but at the beginning it proved
to be a challenge. This is because by not having the same teaching methodology, it was difficult
for both parties to learn in a different way what had already been learned in a certain way. This
was expressed in comments such as the following: "The main barrier was that having different
perspectives on how to solve a problem often made it difficult to reach an agreement [student E-
1];" "Because they (the engineers) when directed to a more mathematical subject and we
architects, based on understanding and functionality in some parts, had a hard time
understanding each other clearly [student A-7];" and "Discrepancy of opinions but it always
brought with it dialogue and learning [student E-3]." At first this was an uncomfortable challenge
that students had to face, but over time they came to take it as a benefit as well.

The second challenge of having different approaches to problem solving was the lack of tools
due to different curricula. The students reported that there were challenges in mastering the
topics covered. This was due to the methodology they had used for their learning. In addition,
being from different majors, they had different bases which opened certain gaps in the other
major’s fundamentals. This can be explained as a lack of deepening in the fundamentals behind
the exercises that they solved. This phenomenon was expressed with the following quotes:
"Architecture students sometimes did not have all the tools to solve a problem. For example,
trigonometry, finding angles, relating concepts were more difficult than I would have expected
[student E-13]," and "It’s a disadvantage that the engineers don’t stop to see how the results look
in real projects [student A-12]."

e. Different communication styles

Now, the first challenge of having different communication styles was the different technical
language. Again, this challenge was due to the different teaching methods used in both majors.
For example, certain students stated that they had problems communicating with each other since
having different lexicon about the exercises made it difficult for them to fully understand each
other. For example, "Many times, engineers speak with more technical language, so they had to
ask for explanations from the final [student A-19]".

To finish, the second challenge of having different communication styles was the lack of time for
agreement. As expressed several times before, the students of each career speak with different
language, and at the beginning it was quite a challenge to understand each other, but when they



wanted to explain and share their knowledge, time was invested in it. The problem here was that
while everyone checked the results obtained by different methods, taught each other the gaps that
could exist, explained what was not clear, or reached an agreement, a lot of valuable time was
lost that could have been used to solve problems. This was expressed as follows: "Work in
groups takes much longer than usual because everyone's doubts have to be resolved and we all
have to agree with the answers [student A-6]" and "Each one tried a different method, in the end
for that reason we could lose time [student E-5]." In the end they realized that investing time
helped them reach the benefits that they pointed out, but at the beginning it was an
inconvenience.

Discussion

The positive contribution that this type of collaborative pedagogy had on students is noteworthy.
The early connection between careers helped the participants to have a broader vision in terms of
problem solving [18]. Sharing activities with students who were not classmates in most cases
was an enriching experience that strengthened their working skills and expanded their
knowledge, encouraging them to analyze different approaches to solve professional challenges
[31]. Students reported this educational module as positive and stated that it helped them to
analyze the strengths and weaknesses of their major and to appreciate the potential of
complementing their knowledge with other majors [3], [27]. During the teams’ interactions,
students tested their ability to respond to different situations and adapt to an unfamiliar
environment in order to find the most efficient solution to the task.

As presented in the results section, having different resolution methods was both a benefit and a
challenge. At the beginning it was a challenge for both parties to work together because they
were used to working with people from their same background. This difference in background
relates to the knowledge each major has [3]. For instance, while second year engineering
students may be more mathematically versed, architecture students may have a more developed
spatial intelligence. As a result, engineers may want to work at a faster pace when solving
problems on paper, while architecture students may take longer. At the same time, architecture
students on field tasks may be able to work faster than engineers. However, working together
over time, the teams seemed to reach a consensual pace. Once both parties allowed themselves to
learn from each other, having different backgrounds became a benefit since in addition to
learning new ways of problem resolution, their soft skills were developed [2].

Similarly, communication was difficult at the start. Despite using construction language on an
everyday basis, both majors struggled to talk and listen to each other [2], [7]. In fact, many
students reported “confusion” when trying to understand their counterparts. However, constant
interaction allowed them to be able to explain to each other what was expected of them to
complete each task [2].

In both examples presented above, the pattern of having conflict at the beginning was shown,
and after talking, analyzing, and sharing knowledge, the tasks were completed and benefits were
visible. The problem was that the time invested to turn the challenge into a benefit was extensive.
On certain occasions the necessary days to fulfill the assigned activities were lengthened by the
fact of having to reach a consensus among all [4], [39]. This was a challenge that had to be



overcome, but it is important to mention that in general, it is a momentary challenge since the
gains are lasting and enrich the person.

Additionally, we identified students practicing soft skills throughout the process. There is a need
to close the gap between these complementary careers that are academically distant. As a result,
the implementation of soft skills proved to be an effective tool for conflict resolution throughout
all imposed tasks. Soft skills are highly valued in the industry [7], [39], and by creating spaces
that encourage their development, undergraduate students may be more employable. In this case,
the most outstanding soft skills were communication, teamwork, and empathy, which helped
students to have a much broader vision regarding the different topics covered and to successfully
collaborate with their counterparts.

As stated above, both careers are different but complementary. For this reason, those soft skills
are highly relevant when working together. Often, workers will collaborate in a team, so
knowing how to do this is a great plus in order to reduce conflicts and achieve quality results. In
the same way, communication is key because this is the way that architects make their
perspective known to civil engineers and vice versa. Finally, empathy is the key to maintaining
an environment where problems are solved without the need for conflict. Acquiring these skills
is a plus for the participants since, although these skills have not been treated in depth in the
academic field, they add significantly to the work life of the students [39]. As professionals, soft
skills are necessary personal traits to excel in the professional world [40].

Conclusions

With a globalized construction industry, architects and civil engineers are required to interact
with professionals from different backgrounds and especially with each other. Starting such
interdisciplinary interaction from early stages of the academic path may contribute to the training
of future professionals’ broad vision and capability of working with different points of view.
However, academic curricula often limit the possibilities for interaction between students from
these two majors. This in turn creates friction in the workplace. This study suggests that
increasing the interaction between civil engineering and architecture students supports not only
their development of technical skills but also that of soft skills. Soft skills such as problem
solving, teamwork, communication, and empathy have proven to be necessary from employers’
perspectives and are important tools for the success of collaboration.

This project conducts an exploratory study to start understanding the cognition process of
students in civil engineering and architecture when putting to work together. This study does not
intend to generalize propositions but rather to start the discussion about collaborative learning
happens in the construction-related majors such as civil engineering and architecture. Future
work includes collecting a larger sample of students and understanding the cognitive traits of
working in interdisciplinary teams from early stages, the characteristics to design an educational
module with both majors, and how to carry it out in different levels of the majors. Furthermore,
future studies include to perform more quantitative analysis to further understand the
collaboration between both majors. Additionally, the researchers will investigate the connection
of this kind of educational intervention with the development of soft skills to advance students
education for the professional challenges.
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