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Abstract—This full paper reports on students’ experiences
after working on a first-year engineering design project with a real
client. The instructors partnered with a Children's Museum in the
local area, and students were tasked with developing prototypes of
potential exhibits. The purpose of this paper is to present results
on students’ perceptions of their experience working with a real
client, developing a prototype, and having to interact with project
stakeholders (e.g., children). The course design was based on
problem-based learning (PBL) and data were collected from 169
first-year engineering students who anonymously filled out an exit
survey. Responses were coded and emerging themes are presented.
Natural processing language techniques were also used to analyze
the open-ended responses.
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I. INTRODUCTION

First-year general engineering programs are common in
large research universities in the U.S. These programs are
focused on introducing new engineering students to some
foundational aspects of the discipline, providing support with
the transition from high school into college, and introducing
students to the different options they have when selecting an
engineering major [1], [2]. This study was conducted in a course
that is part of a first-year general engineering program. Students
complete a two-course sequence throughout their first year
before matriculating into discipline-specific degree-granting
programs: the first course focuses on an introduction to the
discipline and engineering problem-solving strategies, and the
subsequent course focuses on the engineering design process
through a semester-long project. This is similar to other first-
year general engineering programs in the U.S, which generally
focus on a wide variety of learning outcomes that go beyond
understanding the engineering profession and the different
options the students have in terms of majors, including some
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professional  skills (e.g.,, teamwork, communication),
introduction to engineering tools (e.g., CAD or MATLAB), and
probably the most important, introduction to engineering design

[31-{6].

This study takes place in the second design-focused course.
In the semester of data collection, there were several different
design project options that instructors could follow. Most course
sections followed an approach that was more traditional at the
study institution in which students were given projects with
hypothetical real-world clients and applications [7]. In contrast,
several instructors took part in a project that partnered with a
local children’s museum so that student teams could directly
interact with project stakeholders [8]. This paper focuses on
students’ perceptions of their experiences taking part in this
project

Problem based learning is a method of teaching which
incorporates real-world problems in order to enhance student
learning of certain concepts. This is in contrast to the “direct
presentation of facts and concepts” [9]. This problem-based
learning environment allows students to gain critical thinking
and communication skills. For example, in teaching engineering
design, PBL provides students with a focus on the process rather
than the final product, something that engineers in industry learn
to value but engineering students are more reluctant to accept.
One aspect of PBL that is crucial in this process, is the
importance of students having several interactions with real
stakeholders. In these contexts, students are able to receive
feedback during each unique interaction and have the
opportunity to continuously improve their designs. This
feedback from groups such as real users and clients can be used
to expand upon the student’s preconceptions and original
perspectives of their work. The interaction between the student
and the client is often part of the value in PBL courses and can



help create a more fruitful first-year engineering design project
experience.

Our research explores students’ perceptions of their
experiences after being involved in a first-year design course
developed following a PBL approach with a real client. Our
research question is “What did students learn from a PBL first-
year experience working for a real, external client?”

This paper examines students’ experiences after having an
introductory design course with a PBL approach paired with real
problems from external clients.

II. GUIDING THEORETICAL FRAMEWORK: PROBLEM BASED
LEARNING

Bonwell & Eison [10] define active learning as an
instructional method that engages students -beyond passive
listening- in the learning process. Active learning is presented in
the literature as the opposite of a traditional lecture because
students reflect on what they are doing after engaging in several
learning activities introduced in the classroom. First-year
engineering programs have been structured to promote several
active-learning activities, especially around an introduction to
engineering design. According to Bonwell & Eison [10], the
amount of information retained by students declines
considerably after ten minutes of listening. The hands-on and
reflection promoted in active learning has been proven to be
more effective in engineering students. By actively participating
they have been able to obtain the desired learning outcomes
offering itself as a more effective strategy in engineering
education [10]-[12].

One active learning approach that is particularly well suited
for teaching engineering design is problem-based learning
(PBL). In PBL, students receive a relevant, real problem to solve
during a class for an entire semester. According to Prince and
Felder [13], open-ended, ill-structured, authentic problems are
more similar to what students will encounter in real-world
situations in the workplace. Students usually work in teams that
have to identify learning needs to solve the problem and develop
a viable solution. Instructors using this approach work as
facilitators and key sources of information [11], [13][14]. The
participants are involved in a self-directed and contextual
environment that promotes learning. A PBL instructional
strategy has several steps. Naming is defined as the identification
of the main issues in the problem. One aspect that PBL
emphasizes is the importance of fully understanding the problem
-and obtaining as much data on it as possible- before even trying
to solve it. Framing is considered to be the establishment of the
limits of the problem. Moving refers to the experimental action
taken to solve the problem, and reflecting is evaluating and
criticizing the move. The learning will be obtained after this
process is fully developed [15]. In addition, Roselli and Brophy
[16] state that a PBL environment needs to be student-centered
and when possible, allow for students to have interactions with
experts on the problem topic or real stakeholders. The role of the
facilitator is to introduce the concepts and the problem-solving
skills required to solve the problem.

PBL has been widely implemented in engineering education
as an approach that promotes critical thinking and problem-
solving skills for students. PBL has been proven to be effective

among engineering students to develop both technical and
professional competencies. Problem-based learning (PBL)
approach has been used in various undergraduate engineering
courses such as engineering design, capstone, introduction to
electrical engineering courses, material science, and laboratory
courses [17]-[23]. Research conducted by Atman et al., [19]
suggested PBL offers adaptable and accurate practical context
to develop designing skills, while Yadav et al., [23] implied PBL
offers students an appreciation of the applicability of their
academic field on real-world problems. Atman et al., [19]
illustrated how to connect design research and design education
by presenting two examples where the first one focused on
bringing into the classroom research findings from a laboratory,
and the second one elucidates a PBL developed and operated in
the classroom including instructor intervention based on activity
observations. They concluded PBL approaches need to be
accompanied by intervention and assessments that account for
the development of the activities in the classroom including
learning distinctiveness and specific objectives [19]. In the
specific context of electrical engineering, Yadav et al. [23]
focused on understanding learning transferability from PBL
versus a traditional lecture. The research took place in a Midwest
university and had 55 participants, using within-subjects A-B-
A-B research, a pre and post-test, and an assessment of their
learning. Their findings suggested students' experience with
PBL provided a good learning experience that many students
considered different from the traditional lecture. They
considered PBL was close to having a hands-on real engineering
experience and provided a lot of practical knowledge while still
recognizing the technical knowledge that some lectures
provided [23].

In this sense, Yadav et al., [23] suggested that PBL comes
with benefits and challenges, and faculty need to provide
support to scaffold the experience and conduct assessments that
align with this approach. As can be seen, not only the PBL
pedagogical approach can have an impact on students’ learning
but also setting up the experience as an iterative process where
students can receive real feedback will be ideal. Hence for this
study, we developed a PBL approach by providing the students
with a real problem in a real context. To further improve the
experience of the students, we partnered with the Children
Museum of Blacksburg (CMB) and allowed students to have
real interactions with the main stakeholders of the project. More
details about the course and the context of the project are
provided in the following section.

III. COURSE CONTEXT

The course where this research was conducted is the
Foundations of Engineering II which is a required course for
first-year engineering students. Typically, students take this
course in their second semester after successfully completing the
Foundations of Engineering I in their first semester. The goal of
this two-course sequence is to expose students to engineering
disciplines, the engineering design process, modeling
engineering systems, exposure to contemporary software tools
such as MATLAB and CAD, and professional practices and
expectations (e.g., communication, teamwork, and ethics). The
second course focuses on a semester-long team design project
that provides the context to achieve this goal. Data for this paper
were collected during the Spring 2018 semester. During that
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semester, the sections participating in this research had the
course structured around 3 modules. Module 1 aimed at helping
students understand the fundamentals of engineering design.
Module 2 discussed modeling, testing, and communicating
engineering ideas. Module 3 focused on unpacking engineering
problems. A notable aspect of the course was the semester-long
design project that students completed working in teams of 4-6
students. There were 5 sections and each section had
approximately 33 students. Each section had approximately 7
teams.

In the Spring 2018 semester, three instructors decided to take
a different approach than had been used in past course iterations
by partnering with CMB with the goal of developing prototypes
for children to play and learn. The objective of the final
prototype was not only that it was interactive and fun for the kids
to play with, but also that the exhibit was able to help them
develop skills and knowledge in line with the Virginia standards
of learning for different age groups (6 — 10 years old). The
instructors took a PBL approach and provided students with a
set of requirements and constraints. We explained to students
that learning the engineering design process requires an
understanding of products, materials, constraints, and criteria,
and also requires an understanding of context, stakeholders, and
implications of the things we design. Hence, the Museum was
highly involved as a real client and the Museum Director was
willing to interact with the students. The three faculty members
involved with the project had initial meetings with the Museum
Director and developed a plan to work with them during the
semester. The plan included a commitment from the Director to
attend a pitch session mid-semester with all the sections
involved, and attend the final design fair. The CMB director
attended all sections at least once and was able to individually
interact with all teams and provide feedback on their initial
pitch. Similarly, the instructors committed to bringing the
students to one of the Museum's open house events and to
ensuring that all teams were visiting the museum facilities at
least once to obtain an understanding of the layout and the
existing prototypes.

The project required them to create and produce an
interactive product (e.g., physical artifact, software interface) for
the museum. Students started by doing individual
brainstorming, then team discussions about their ideas, and were
required to select an idea to pitch to the Museum director and
the instructor of the course. They then had several rounds of peer
interactions where they received continuous feedback. The
project involved at least two rounds of prototyping and at the
end students participated in a design fair where they brought
their prototypes and presented them to all the students enrolled
in these sections. Students were also required to do a final
presentation and submit a final report.

IV. METHODS

Data were collected using an anonymous survey that was
distributed electronically as a class exit survey for the students
at the end of the semester. In the survey, we asked students about
their experience during the course, about what they learned
about design, about how they thought their experience was
different when compared to the other sections, and about how

the experience was of working with a real client. The specific
questions are provided in table 1.

TABLE L. SURVEY QUESTIONS

Questions
Describe your personal interaction with the design project
client (The Children's Museum of Blacksburg Director)
Describe your team's interaction with the design project client
(The Children's Museum of Blacksburg Director)
How was your design experience different because your
3 worked with an actual client to produce a design to be used in
the Children's Museum?
Would you recommend this type of project be continued in
the future? Please briefly explain your answer.
Describe some elements that were present this semester that
5 you felt were valuable for student learning and success in the
engineering design project
What are some specific elements from this semester that you
6 would change for the future in order to better enable student
learning and success in the engineering design project?

7 What did you learn about engineering design this semester?

How would you rate your team's execution of the design
8 process in comparison to the other products you saw
displayed.

Please identify two or three factors that contributed to the
9 result indicated in the previous question and explain how each
contributed.

Students responded to the open-ended questions and were
provided time in class to fill out the survey. In total, 169
students’ responses were used in this study. The study secured
ethical clearance from the Virginia Tech Institutional Review
Board.

To facilitate theme identification in students’ responses, we
used a human-in-the-loop (HITL) natural language processing
(NLP) approach. The general motivation for this approach was
to allow the research team to handle the data volume more
efficiently and consistently highlight the themes across
responses.

The HITL NLP workflow starts with the raw text from
students’ responses. We then embedded that raw text in a high-
dimensional vector space using pre-trained transformers [24].
These kinds of language models are a kind of modern neural
network architecture that enables consideration of context and
abstract representation of semantic meaning such that phrases
like “T had a great time” and “I enjoyed the experience” would
be more similar than “T disliked the trip.” After two dimension
reduction steps to bring those embeddings down to a lower-
dimensional vector space, the low-dimensional representations
were clustered. In theory, assuming not too much information
was lost in these steps, these clusters should represent
thematically similar student responses. Measures of the exact
amount of information lost from the original embedding are
difficult to calculate due to the nonlinearity in the second
dimension reduction step, but the first dimension reduction step
loses ~10% of the original variance in the data. This roughly
corresponds to losing 10% of the information with that step.

V. RESULTS

Our results provide an understanding of the perceptions of
students' learning while participating in our first-year PBL
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engineering design approach. Our data processing through HITL
NLP resulted in several emergent themes: (i) understanding the
design process, (ii) the importance of defining design
constraints, (iii) having an awareness of the client's needs, and
(iv) the importance of communication. We will discuss the
themes in detail in this section.

In general, the overarching premise of most of the student’s
responses was that using a PBL approach that had a real client
during their first-year engineering experience helped them better
understand the design process. They expressed that the design
process is an interactive, non-linear, and iterative process.
Creating a final product that meets the design goals by the
scheduled deadline requires an understanding of these
interactions. For example, one student mentioned that there are
“many factors you need to take into consideration during the
engineering design process.” Similarly, another participant
mentioned that “there is so much more that goes into a project
before you start building it.” These important factors to deal with
before creating a product were explored intentionally throughout
the PBL learning experience. Students also recognized that
understanding the design process meant understanding and
accepting the frustrating aspects of the process. Two participants
commented on this: “I learned that iterations and improvements
are, at times, frustrating, but critically important to the success
of a design,” and “T learned that you have to take critique well,
and leave frustration out it.” Finally, in terms of their learning
about the design process, students also commented on their
awareness that design is a collaborative process rather than an
individual effort.

Several students also commented on the importance of
understanding and establishing design constraints or
criteria as one of the main factors that limit engineering design.
Multiple students emphasized its importance by mentioning
why constraints are necessary parts of the design process and
planning. One student stated that constraints are important “to
keep...in mind when designing [a] product, as well [as] the
criteria that our stakeholders have.” One salient aspect of
constraints and criteria is that students could make the
connections on how they should be defined or at least highly
informed by the real clients and stakeholders. Students
commented on the importance of listening to their clients and
having continuous interactions with them to understand better
how they were fulfilling and understanding their design criteria
and constraints. The students mentioned the criteria set by
clients and stakeholders to be arguably the most important
aspect in order to shape their design. In one case, it was said that
“the client’s opinion is the only opinion that matters.” Being
required to meet a client’s constraints for a design project is an
important lesson for young engineers because all real-world
design projects will be for a client with certain needs.

Another emergent theme in the data was around the
significance of the interaction between client and human
needs and the design process. The students learned that it is
important to design with the stakeholders in mind because they
significantly impact the project. One student stated, "almost
everything you do within your design process revolves around
the stakeholder.” This shows that the students understood that
the client has different needs than that of the design group, and
it is essential to find the best way to include their desires along

with doing what the design team thinks is necessary.
Furthermore, they understood that those needs could change and
evolve, hence, the importance of continuous interactions. For
example, a student mentioned, “You need to be able to engage
with the client and ask appropriate questions in order to figure
out exactly what you need to produce from the client.” Another
important aspect of these interactions was mentioned by several
students who explained that they learned how to create a balance
between their needs and the team needs, the course
requirements, and the stakeholders' needs. They recognized that
in engineering problems, there is not a “one solution fits all” and
that instead, there are a series of trade-offs when balancing the
different actors, expectations, and requirements. Client and
human needs were the most mentioned emergent theme by the
students, and they considered that this theme could be easily
incorporated into all the other themes as a transactional
component.

Finally, students learned the importance of communication
and planning as part of the engineering design process.
Students realized that interacting with real clients and
stakeholders was not an easy task. Understanding clients' and
stakeholders' expectations was challenging because they were
often difficult to please, and in many cases, they did not know
what they wanted. This demonstrates the importance of learning
effective communication in engineering as it is one of the most
important skills identified by students in the design process.
Interacting with the client involves a conversation on
expectations and being able to ask good questions, having
continuous interactions, understanding feedback, and presenting
ideas effectively. For example, one student said it best when they
stated, “you need to be able to engage with the client and ask
appropriate questions in order to figure out exactly what you
need to produce.” Another student stated, "a great deal of
engineering design stems from clear and constant
communication with the stakeholder.” After discussion with the
client about their needs, the students learned how to take
feedback from a client and implement it into their design; they
also understood that this was an ongoing process of continuous
feedback and improvement. One of the students stated it as “a
process that requires examination and reexamination, constant
improvement and communication.” It is evident that this
demonstrates their understanding that the design process is
constantly evolving. Their designs will end up going through
iterations and improvements based on multiple client meetings.
Students recognize that learning about engineering design is all
about the process and less about the final product.

Students were also asked how they considered their
experience to be different from that of their peers (doing a more
traditional project approach, e.g., building a wind turbine for a
hypothetical client with some given constraints). Students
mentioned that they consider their experience a better and more
round educational experience to really understand what design
is. For example, a student commented:

I can't even imagine getting the same sort of actual
experience from doing any other project offered in
[ENGE1216]. This project was much more motivating
because I felt like I had a real obligation to the client. I
was exposed to the real world instead of theoretical
scenarios and I got to experiment with budget/time
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constraints. With the other projects (Turbine/Drone), I
doubt I would be anywhere close to the level I am at now
when it comes to the engineering design process.

One aspect that impacted the students’ perceptions of
design and a real project was receiving feedback on their first
prototype from a real client. They were all sure that their
prototype was going to work and they had thought about all the
possible weaknesses, to realize that they were not close to
understanding the context of the Museum. A student mentioned:
“It gave me a lot of information on human-centered design
because there was live feedback from a client. It also taught me
how not all ideas are going to be perceived the way I perceive
them. Some are going to be rejected.” This process really made
the students take a step back, and most of the teams radically
changed their initial approach/idea. However, that was not seen
as something negative but rather provided the students with
more commitment to the project. As two students explained:

I think that this was the best design project for me. I really
liked working with an actual client. It made it exciting
and the project worthwhile. I feel that working with a real
client drove my team to work harder and more efficiently.
This class was very practical in relation to real-world
engineering. I liked being introduced to this concept as a
freshman because now I can use what I have learned for
my future at Virginia Tech.

I definitely felt more of the real pressure and motivation
to do a good job, and the pitch we made was a lot more
real, with us actively trying to 'sell' our idea to her... ...
[it was] different from the other classes, we did not simply
design our project to work or for a grade, but we designed
for a person for a purpose, which is what real engineers
do.

VI. DISCUSSION

The findings overall indicate that integrating a real client in
a first-year design project can support student learning outcomes
and a deeper, more nuanced understanding of the design process
in a real context. Students described how the interactions with
their clients contributed to their understanding and appreciation
of the iterative nature of the design process. Throughout the
semester, students communicated and obtained feedback from
their client resulting in design changes. They noted the
importance of refining their constraints and criteria based on
client feedback to ensure they meet their needs. Several students
describe that the experience of working on a real project with a
client provided more authenticity than theoretical projects and
helped them better understand the importance of taking a
“human-centered” approach. There is also evidence that
working with a client provided a more meaningful, purposeful
experience as there was a realistic opportunity for their end
solution to be utilized by their client. This seemed to support
students’ motivation as they were designing a solution not just
for a good grade but to actually fulfill a client's need.

The study thus provides some insight into some of the
value-added of introducing a real-world project with a real client
into general engineering courses. The findings here suggest
these projects increased students’ understanding of the
importance of communication, particularly with stakeholders

and clients, and the importance of design interactions as a means
to get feedback from them. They also understood the importance
of being open-minded to fulfill stakeholders’ expectations.
Similarly, they were engaged and motivated by having a real
project and a real client. Using ill-defined projects without a
step-by-step procedure and a prescribed solution is more
representative of real-world problems students will encounter in
the workplace. These projects force students to apply project
management tools more authentically and navigate the design
process to develop a solution. Evidence within PBL literature
indicates that projects are more effective when anchored into
real-world situations that learners find meaningful and important
[25], [26]. In contrast, overly defined cookbook-recipe style
projects in which students follow a prescriptive, linear procedure
that is not well-connected to real-world applications can lead to
a superficial learning [27].

While the results here suggest there is value in engaging a
real-world client, there is additional preparation, and work
instructors must arrange and scope these types of projects.
Instructors need to continuously identify projects each semester
and clients that are invested in the project and willing to take the
time to connect and provide feedback to students. Instructors
need to plan with the client and set reasonable expectations for
the end products based on the course's expectations and the
students' current capabilities. Depending on the project's scope,
one semester may not be enough time to produce meaningful
end products for clients. Still, it may be sufficient for at least
crowdsourcing some new, potentially innovative conceptual
designs and rough prototypes. Scaling these projects across
many courses thus poses significant challenges. It perhaps
would need to involve additional personnel (i.e., project
managers) to help identify and scope these projects to
appropriate classroom contexts.

VII. CONCLUSION AND FUTURE WORK

This work provides a better understanding of the experiences
of first-year engineering students going through a PBL design
experience with a real client and delivering an actual project. We
used NPL to analyze open-ended responses to an anonymous
exit survey. We want to recognize the importance of this
methodological approach to processing a relatively big data set
of open-ended responses. Our results demonstrate that students
valued the experience and understood the importance of
understanding the design process, establishing design
constraints and criteria, working with an actual client, and
communicating and planning. Based on our experience teaching
this course, we consider one of the most important results was
students’ recognizing the uniqueness of having an actual client
to communicate with; they always appreciate feedback and clear
instructions. However, they seemed to be more engaged by
having the input coming from an external stakeholder. Similarly,
having several interactions with the client and understanding
that the design process is iterative and the process is more
important than the final product was an outcome that we really
appreciated as this has been one of the intentions of this course.

We consider that future work of this research should focus
on making a more intentional comparison of the different types
of projects students can go through when learning introductory
design in first-year engineering. We have data available that will
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be used to create these comparisons and contribute to our
understanding of how the type of project influences students'
perceptions and knowledge of design in first-year engineering
programs.
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