
Paper ID #52726

Designing Introductory Engineering Projects to Teach Teamwork and Problem-Solving

Dr. Atheer Almasri, West Virginia University

Dr. Almasri is currently a teaching assistant professor in the Fundamentals of Engineering Program (FEP)
at the Statler College of Engineering, West Virginia University. He has been serving in this position
since 2020. Before joining West Virginia University, he worked as an assistant professor of Chemical
Engineering at Imam University for 10 years. Dr. Almasri holds a bachelor’s degree in Chemical
Engineering, as well as master’s and Ph.D. degrees in Materials Engineering.

Dr. Lizzie Santiago, West Virginia University

Dr. Lizzie Santiago is a Professor and the Director of the Fundamentals of Engineering Program in the
Benjamin M. Statler College of Engineering and Mineral Resources at West Virginia University. She holds
a Ph.D. in Chemical Engineering and has completed postdoctoral training in neural tissue engineering and
molecular neurosciences.

Dr. Robin A.M. Hensel, West Virginia University

Robin A. M. Hensel, Ed.D., is a Teaching Professor in the Benjamin M. Statler College of Engineering
and Mineral Resources at West Virginia University and an ASEE Fellow Member. As a mathematician
and computer systems analyst, she collaborated in engineering teams to support energy research before
entering higher education, where she taught mathematics, statistics, computer science, and engineering
courses, secured over $5.5M to support STEM education research, led program development efforts, and
served in several administrative roles. She has been recognized for her teaching, advising, service, and
research through various awards.

Ms. Susie A. Huggins, West Virginia University

Susie A. Huggins supports the Fundamentals of Engineering Program in the Benjamin M. Statler College
of Engineering and Mineral Resources at West Virginia University, where she supports faculty efforts
in designing and implementing first-year engineering courses. Her work focuses on supporting the
development of project-based learning experiences that foster collaboration, critical thinking, and problem-solving
skills among first-year engineering students. Her professional interests align with the development of
structured, low-cost, and engaging design projects that introduce students to the engineering design
process while supporting teamwork and technical communication. Huggins has experience supporting
hands-on, student-centered learning initiatives and assessment strategies, including the use of rubrics, peer
evaluation, and project-based outcomes to measure student engagement and learning. She is currently
pursuing a Ph.D. in Curriculum and Instruction at West Virginia University, with research focused on
Appalachian kindergarten teachers’ perceptions of STEM education. Her broader experience includes
leadership in K–12 after-school programming, adult literacy initiatives, and STEM outreach efforts. She
is a member of the American Society for Engineering Education and the Society of Women Engineers.

Dr. Todd R Hamrick, West Virginia University

Dr. Todd Hamrick, Ph.D. is aTeaching Professor in the Fundamentals of Engineering Program at West
Virginia University Statler College of Engineering and Mineral Resources, a position he has held since
2011.

Dr. Akua B. Oppong-Anane, West Virginia University

Akua Oppong-Anane is an Teaching Assistant Professor at West Virginia University. She holds a Bachelor’s
degree in Chemical Engineering, a Master’s degree in Chemistry and a Ph.D. in Environmental Engineering
Sciences. Her research areas are in groundwater contamination at landfill sites, advising and retention of
first year engineering students.

Dr. Carter Hulcher, West Virginia University

©American Society for Engineering Education, 2026



Paper ID #52726

Dr. Hulcher is a Teaching Assistant Professor in the Fundamentals of Engineering Program in the
Benjamin M. Statler College of Engineering and Mineral Resources at West Virginia University in Morgantown,
WV. He has been in his current role at WVU since 2020. Dr. Hulcher holds degrees in Civil Engineering,
as well as Mathematics.

Gia Huy Pham, West Virginia University

©American Society for Engineering Education, 2026



1 
 

Shaping Engineers from Day One:  

Project-Based Learning for Collaboration and Critical Thinking 
 

This complete evidence-based practice paper focuses on how to design and implement effective 

engineering projects that promote teamwork, creativity, and problem-solving in a first-year 

engineering course. Developing meaningful and achievable design projects is central to 

introducing students to the engineering design process while building technical and professional 

skills essential for future coursework and career success. Creating a successful project for an 

introductory-level engineering course requires balancing complexity, available resources, cost, 

student enjoyment, and alignment with the ABET learning outcomes.  

 

A series of hands-on projects was developed and tested to meet certain criteria. Each project was 

designed to be low-cost, time-efficient, and feasible for first-year students while still providing 

opportunities to apply fundamental concepts in design. The development process considered 

multiple factors and deliverables, including material availability, safety, and the ability to assess 

both technical writing and teamwork skills.  

 

The methodology used to create these projects involved defining measurable learning objectives 

and creating individual & team writing and testing activities to refine project scope and 

evaluation criteria. Assessment tools such as rubrics, peer & self-evaluations, and individual and 

team project testing were employed to measure student learning and engagement.  

 

The purpose of this study is to examine how diverse project experiences at an introductory level 

can strengthen teamwork competencies and problem-solving skills. Specifically, this paper 

addresses one main research question: how can first-year engineering projects be structured 

intentionally to teach teamwork skills and problem-solving? Findings from classroom 

implementation provide evidence-based recommendations for designing and integrating projects 

into foundational engineering courses to prepare students more effectively for advanced 

coursework and professional practice.  

 

1. Introduction 
One of the core courses in the Statler College of Engineering & Mineral Resources at West 

Virginia University is Engineering Problem Solving -1 (ENGR 101). All engineering and 

computer science students must complete this course before progressing into their majors. 

Traditionally, (ENGR 101) covers topics such as teamwork, project management, meetings, 

technical writing, engineering design process, engineering ethics, estimation, and engineering 

problem solving using Microsoft Excel. A central component of the course is an engineering 

design project. 

 

These topics are intentionally chosen because teamwork and problem-solving are important 

skills for success in engineering education and professional practice. In first-year engineering 

courses, hands-on design projects provide a powerful platform for students to develop these 

skills in a collaborative, engaging, and authentic learning environment [1]. However, designing 

such projects requires careful attention to complexity, cost, feasibility, time constraints, and 

alignment with learning objectives. 
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For this reason, the first topic covered in (ENGR 101) is teamwork and the importance of 

collaboration in engineering design. The second major topic is engineering design and the stages 

of the design process. All course projects are intentionally designed to reinforce teamwork, 

problem solving, the design process, and technical communication. 

 

Building on this course structure, this paper focuses on how to design introductory engineering 

projects that effectively teach teamwork and problem-solving. It presents a series of tested 

hands-on projects, describes the motivations behind them, outlines key logistics and design 

methodologies, and examines their impact on student engagement and team collaboration. 

 

Understanding the current course structure requires consideration of its 20-year evolution 

through a process of continuous assessment and improvement. When a university-wide first-year 

seminar became mandatory, the student success and career exploration components were 

removed from Engineering 101, resulting in a revised two-credit course focused primarily on 

design and technical skill development. Early iterations featured three distinct team-based design 

projects per semester, each with a separate technical report, targeting introductory design and 

teamwork, data analysis with Excel, and a broader socially motivated challenge. Although 

pedagogically well intentioned, this fast-paced model limited sustained team development and 

reflection while creating significant workload pressures for students and instructors. 

 

Over time, targeted enhancements were introduced to strengthen learning outcomes, including 

integrated information-literacy modules developed with engineering librarians [2–6], cross-

disciplinary collaborations with mathematics faculty linking theory and design application [7], 

discipline-specific first-year projects, and a comprehensive technical writing guide. While each 

initiative addressed important objectives, their cumulative effect increased cognitive load, 

compressed instructional time, and restricted opportunities to incorporate additional essential 

content, such as engineering ethics. While team reconstitution for distinct projects fostered 

student networking, it had the unintended consequence of constraining meaningful teamwork, 

reflection, and project management development, often resulting in superficial design and 

writing outcomes and limited proficiency with analytical tools such as Excel. Incremental 

adjustments, such as reducing the number of projects, expanding laboratory experiences, and 

increasing in-class project time, provided partial relief but did not fully resolve the tension 

between content breadth and deep, sustained learning. 

 

Through ongoing evaluation and continuous improvement, the course was redesigned 

approximately three years ago to address the imbalance between breadth and depth. Recognizing 

that excessive content coverage limited meaningful learning, the structure was streamlined to 

center on a single, comprehensive design project per semester. This refined model retains the 

strongest elements of prior iterations while prioritizing iteration, feedback, and revision, core 

components of the engineering design process, resulting in improved student engagement, 

reduced overload, and stronger design and communication outcomes. 

 

In the resulting current model, students are introduced to the project early in the semester, and 

the project includes multiple deliverables distributed across the entire semester. Some 

deliverables are completed individually, while others are completed in teams. This structure is 

intentionally designed to promote teamwork and systematic problem solving. 
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The earliest deliverables are individual based. For example, each student completes an individual 

background research summary related to the project so that all students build a basic 

understanding of the design problem and can meaningfully contribute to team discussions. Each 

student also develops and tests an individual design. This ensures that every student has technical 

experience to bring into team decision-making and later technical writing of the report. After this 

individual work, team-based deliverables begin with the first progress report, in which teams 

write the initial sections of their technical report, including the introduction, problem statement, 

and background. Instructors grade this report and provide feedback that students use to improve 

their work in the next phase. Next, teams give their first presentation, using their individual 

designs, research, and decision tables to explain how they plan to move toward a final team 

design. All team meetings are formally documented using standardized meeting agenda and 

meeting minutes templates. Students are expected to prepare agendas in advance to outline 

discussion topics, goals, and action items, ensuring meetings are organized and focused. Meeting 

minutes are submitted afterward to record decisions, assigned tasks, and follow-up items, 

providing a clear record of team progress and accountability. In addition, teams are required to 

develop a team charter, a project charter, a work breakdown structure, and a Gantt chart to 

reinforce planning, coordination, and effective teamwork throughout the project. 

 

Students, then, are given time to build and test their final team design and prepare a technical 

poster presentation with an elevator pitch for the end of the semester. The second progress report 

expands upon the first by adding methods and materials, results, discussion, and conclusions 

with future recommendations. This report is graded with detailed feedback and returned to 

students. The final project deliverable is a complete technical report that incorporates all 

feedback from the second progress report. 

 

Alongside these technical and design activities, students complete peer and self-evaluation 

surveys at the middle and end of the semester to assess their own contributions and those of their 

teammates. 

This streamlined approach retains the most effective elements of prior iterations while 

prioritizing iteration, feedback, and revision (core components of the engineering design 

process), resulting in improved student engagement, reduced overload, and stronger design and 

communication outcomes.   

2. Literature Review  
2.1 Project-Based Learning in First-Year Engineering 
 

Project-Based Learning (PBL) has been widely adopted in first-year engineering programs as an 

effective instructional approach for increasing student engagement, strengthening design quality, 

and supporting persistence in engineering pathways. By emphasizing active learning, real-world 

problem solving, and structured collaboration, PBL fosters deeper conceptual understanding 

while improving students’ communication and teamwork skills [8]. In engineering education, 

hands-on design projects serve as a primary mechanism for introducing the engineering design 

process, contextualizing foundational concepts, and promoting meaningful engagement creating 
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the basis for revising and refining ideas, generating concepts and facilitating problem solving [9]. 

Each iteration of PBL helps lead to stronger, more thoughtfully developed design solutions. 

 

Multiple studies demonstrate that first-year design courses positively impact student retention 

and motivation. Knight, Sullivan, and Carlson found that students who participated in a team-

based, hands-on design course were significantly more likely to remain in engineering compared 

to peers in traditional lecture-based formats [10]. Similarly, Tiwari, Nair, and Barua in [11] 

reported improved retention rates and reduced time to graduation for students enrolled in 

multidisciplinary, project-based first year engineering courses. These findings support the use of 

structured design experiences early in the curriculum to foster student commitment and success. 

 

Beyond retention, PBL has been shown to enhance students’ self-efficacy, problem-solving 

ability, and interest in engineering [12]. By engaging students in authentic engineering tasks, 

first-year design projects help bridge the gap between theoretical coursework and professional 

practice, reinforcing the relevance of engineering education and promoting long-term persistence 

in the field. 

 

2.2 Teaching Teamwork in Engineering Education 
 

Teamwork is a central component of engineering practice, yet research consistently shows that 

students do not automatically develop effective teamwork skills simply by working in groups 

[13]. Without explicit instruction, many student teams experience challenges such as unequal 

workload distribution, poor communication, conflict avoidance, and social loafing. As a result, 

scholars emphasize that teamwork must be intentionally taught, structured, and assessed in 

engineering courses [14]. 

 

[13] applied team effectiveness theory from industrial and organizational psychology to 

engineering student teams and found that explicit instruction in team processes, roles, and 

accountability significantly improves collaboration and outcomes. Similarly, Salas, Sims & 

Burke [15] identified key components of effective team training, including clear goals, structured 

communication, shared mental models, and feedback mechanisms - elements that can be 

intentionally embedded into coursework. 

 

Engineering education research further supports the use of tools such as team charters, peer 

evaluations, role assignments, and meeting documentation to improve team functioning [16]. 

These structures promote accountability, clarify expectations, and encourage equitable 

participation. Courses that incorporate such strategies tend to report higher student satisfaction, 

stronger team performance, and reduced interpersonal conflict [14]. Collectively, this literature 

underscores the importance of designing team-based projects that explicitly teach collaboration 

rather than assuming it will emerge organically. 

 

2.3 Scaffolding and Individual-to-Team Progression 
 

Scaffolding is a well-established instructional strategy that supports learners as they move from 

novice to more expert levels of performance. Rooted in [17], the concept of the Zone of Proximal 

Development, scaffolding involves providing structured support early in the learning process and 
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gradually removing that support as learners gain competence. In engineering education, 

scaffolding is particularly important in first-year courses, where students often have limited prior 

exposure to design, fabrication, and technical problem-solving. 

 

Research indicates that unguided or minimally guided instruction is less effective for novice 

learners, particularly in complex domains such as engineering design [18]. Instead, structured 

progression - from simpler individual tasks to more complex collaborative challenges - leads to 

improved learning outcomes, confidence, and performance [19]. Similarly, [9] emphasizes that 

effective design education requires guided engagement with iterative design processes rather 

than open-ended exploration alone. 

 

The transition from individual work to team-based design is a particularly powerful form of 

scaffolding. [20] found that novice designers often struggle with problem framing, idea 

generation, and evaluation compared to experts. By first engaging students in individual design 

and testing, instructors can help students develop foundational skills and confidence before 

entering team-based design phases. This approach reduces reliance on dominant teammates, 

mitigates social loafing, and increases the likelihood that all students contribute meaningfully to 

team discussions and decisions. 

 

2.4 Engineering Problem-Solving and Design Thinking 
 

Engineering problem-solving involves complex, ill-structured challenges that require iterative 

reasoning, trade-off analysis, and evidence-based decision making [21]. Unlike well-structured 

textbook problems, design problems require students to define constraints, generate alternatives, 

evaluate competing solutions, and revise designs based on testing and feedback. These processes 

reflect core components of engineering design thinking [9]. 

 

Research comparing novice and expert engineers highlights significant differences in how 

problems are approached. [20] found that expert engineers spend more time problem scoping, 

engage in broader information gathering, and iterate more frequently than novices. Similarly, 

[22] describes “designedly ways of knowing,” emphasizing the importance of iteration, 

reflection, and synthesis in professional design practice. These findings suggest that first-year 

engineering courses should explicitly model and reinforce these behaviors rather than focusing 

solely on final products. 

 

Project-based learning environments provide a natural context for developing these skills by 

engaging students in authentic design challenges that require iterative testing and refinement [9], 

[21]. When students are required to document design decisions, justify trade-offs, and revise 

solutions based on performance data, they begin to adopt the cognitive habits of practicing 

engineers. Structured design cycles, multiple deliverables, and feedback loops further support the 

development of engineering problem-solving competence. 

 

2.5 Assessment, Reflection, and Peer Evaluation 
 

Assessment plays a critical role in shaping student learning and behavior in team-based, project-

centered courses. Traditional summative assessments alone are insufficient for capturing the 
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complexity of teamwork, design thinking, and professional skill development [23]. Instead, 

researchers advocate for a combination of formative feedback, performance-based assessment, 

and reflective practices to support deeper learning. 

 

Peer and self-assessment are widely recognized as effective tools for promoting accountability, 

reflection, and metacognitive awareness [16, 24]. When students evaluate their own 

contributions and those of their teammates, they become more aware of teamwork dynamics, 

communication challenges, and leadership behaviors. These processes also provide instructors 

with valuable data for diagnosing dysfunctional teams and intervening when necessary. 

Recent research further highlights the role of reflection and psychological safety in effective 

teamwork. [25] found that structured reflection combined with peer evaluation promotes more 

accurate self-assessment, stronger team cohesion, and improved collaboration. Rubric-based 

assessment and staged feedback have also been shown to enhance learning by clarifying 

expectations and supporting iterative improvement [23]. 

 

In design-based engineering courses, multi-stage deliverables - such as progress reports, proof-

of-concept demonstrations, and revised final submissions - function as both assessment tools and 

instructional scaffolds [9]. These approaches align assessment with authentic engineering 

practice, where designs evolve through cycles of testing, feedback, and refinement rather than 

through single, high-stakes submissions. 

 

3. Project Design and Development 
 

Designing an engineering project for a course is challenging, and it becomes even more difficult 

in an introductory engineering class. At this level, projects must demonstrate core engineering 

principles to students who are often recent high school graduates with limited technical 

background. It is therefore essential to balance project complexity by making the project 

meaningful but not overwhelming. 

 

For this reason, each project was designed to be low-cost, time-efficient, and feasible for 

students who are still learning fundamental engineering concepts. Another key consideration is 

the availability of resources, including what students can reasonably access and what the college 

or department can afford to provide. Managing the overall cost of the project is critical, along 

with ensuring material accessibility and safety. 

 

In addition, projects should actively engage students and be enjoyable, since motivation and 

interest strongly influence learning [26]. The goal is to challenge students to think critically, 

work collaboratively, and apply the engineering design process from brainstorming through 

testing and evaluation. Each project, therefore, includes both individual and team deliverables, 

such as design reports, prototypes, and reflection assignments, allowing instructors to assess 

technical understanding as well as teamwork and communication skills. 

 

Most importantly, every project must align clearly with the course learning outcomes. Each time 

a new project is considered, all of these factors, and often more, must be carefully evaluated. As 

a result, a series of hands-on engineering projects was developed for first-year students, 

including: 
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• Horizontal and Vertical Wind Turbines: The objective of this project was to design, 

evaluate, and build a wind turbine that can generate enough electrical power to light one or 

more LEDs. Students must build the wind turbine entirely from scratch using readily 

available, non-edible, off-the-shelf materials; no kits or pre-made blades are allowed. The 

turbine must be free-standing, water and weather-resistant, and able to withstand different 

wind speeds without losing structural integrity. The maximum blade radius is 1.5 feet. Each 

student first creates an individual design that can generate enough power to light a red LED 

(about 2–2.2 V, 20 mA). Then, as a team, they improve the design so it can light a green 

LED (about 3–3.2 V, 20 mA).  

 

• Simple Crane Design: This project requires students to design, build, and demonstrate a 

manually operated crane that can lift objects from the ground and place them into a container 

located 1.25 meters high. The crane can be of any type (such as stationery or telescopic) but 

must operate without motors, electricity, magnets, or human support during lifting. The crane 

must be stable, balanced, and free-standing, with only its base, outriggers, or counterweights 

touching the ground. It must lift items delicately without damaging them, using a single hook 

that cannot be changed during testing. Students first build an individual crane within a $30 

budget, then develop a team version within a $40 budget, using mostly low-cost or free 

materials. Materials specifically designed for lifting objects are not allowed, and the crane 

must successfully lift all assigned items either together or one at a time. 

 

• Medical Supply Drop Device: This project requires students to design and build a medical 

supply drop device that is reliable, safe, easy to use, and at a low cost. The device must 

protect fragile items, including glass medicine vials, and a $400 data acquisition unit with an 

accelerometer, during an aerial drop. Students must build the device from scratch using non-

edible, readily available or 3D-printed materials; no kits or pre-made containers are allowed. 

The container must be waterproof or water-resistant, easy to open and close with reusable 

closures, and allow quick insertion and removal of the payload. The individual design uses 

one egg in a container no larger than 6 inches in any dimension, while the final team design 

must protect four eggs in a container no larger than 12 inches. The device must be released 

freely without tethers or zip lines, but may include a built-in system to slow the fall. It should 

land within one foot of the target drop location and keep all content unbroken and the 

container intact after impact. 

 
• Ultimate Boat Design: The objective of this project is to design, build, and demonstrate a 

functional boat that remains stable in water while applying basic engineering principles. The 

project has two phases: an Individual Design Phase, where each student creates a boat within 

20 cm × 20 cm × 20 cm, and a Team Design Phase, where teams collaborate on a boat to be 

tested around week 12, with a minimum length and width of 25 cm and a maximum overall 

size of 40 cm × 40 cm × 40 cm. Budgets are $30 per student and $40 per team, and students 

are encouraged to use free or low-cost materials while documenting market prices for any 

donated items. Additionally, the stability requirement differed between the individual and 

team designs, with the individual design expected to support 5 wind corks, compared to 35 

corks for the team design. The boat must have its own propulsion system, cannot be 

manually pushed or remotely controlled, and cannot use parts from old boats or toys. 
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Chemical propulsion is prohibited, and the testing pool must remain undamaged. Designs 

must demonstrate stability, balance, and functionality, reflect diverse materials and 

fabrication skills, and show creativity and effort, as hastily assembled boats are discouraged. 

Some components may be 3D printed, and additional constraints may be added during the 

project. 

 

• Solar-Powered Car Design: This project challenges students to design, build, and test a 

solar-powered car that is fast, lightweight, low-cost, and able to travel efficiently in a straight 

line while carrying small weighted “passengers.” The project has two phases: an Individual 

Design Phase, where each student builds a car within a 20 cm × 20 cm size limit and tests it 

around week 6, and a Team Design Phase, where teams create a larger car (up to 40 cm × 40 

cm) tested around week 11 that must also travel over gravel while carrying more weight. 

Budgets are limited to $30 per student and $35 per team, with encouragement to use free or 

low-cost materials and document their market value. The car must be powered only by solar 

energy with no batteries or other power sources, cannot be pushed or remotely controlled, 

and cannot use parts from toy cars or old projects. Designs must show strength, stability, and 

fabrication skills using multiple materials, with limited 3D printing allowed, and should 

demonstrate creativity, effort, and aesthetic quality. 

 

• Solar Oven Design: This project requires students to design, build, and test a solar-powered 

cooking device that uses only solar energy to heat water. In the individual phase, the cooker 

must heat 20 ml of water, and in the team phase, it must heat 60 ml. Designs must be 

functional, efficient at collecting and retaining heat, safe, portable, and built from low-cost, 

lightweight materials. Budgets are limited to $30 per student and $40 per team, with 

encouragement to use free or low-cost materials while documenting their market value. The 

cooker must operate only on solar energy; no electricity, fuel, or preheating; and during 

testing, a halogen lamp or sunlight is used as the heat source. Once testing begins, no manual 

adjustments are allowed. The design must be hand-built, demonstrate fabrication skills using 

a variety of materials, and cannot be purchased as a finished product. Limited 3D printing is 

allowed for specific parts, but the entire cooker cannot be 3D-printed. Designs should be 

neat, creative, and show meaningful modification of any pre-made items, and additional 

constraints may be added as the project progresses. 

  

While these projects illustrate the overall design philosophy, the structure of the course itself has 

also evolved. Traditionally, as described in the introduction, the course included three projects 

per semester. Later, the structure was changed to two projects per semester. However, this model 

revealed several problems. Some students relied heavily on their teammates to build, fabricate, 

test the design, and even complete much of the technical writing [27, 28]. 
 

To address these issues, the course was redesigned to include only one project per semester. 

Instead of reducing learning opportunities, the project was divided into multiple deliverables to 

preserve the same educational goals of the earlier two- and three-project models and to ensure 

that course learning outcomes were still met. An individual design component was added so that 

every student must build and test a personal version of the design. In addition, the technical 

report was divided into three stages: Progress Report 1, Progress Report 2, and the Final 

Technical Report. 
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As a result, this structure ensures that students cannot rely solely on their teammates. They are 

required to build, test, and learn from their own designs. Students also receive feedback during 

Progress Reports 1 and 2, which they apply to later versions of the same report, allowing real 

iterative improvement. Despite these improvements, the instructional team observed recurring 

problems with procrastination and last-minute building of the design project. To reduce this, two 

new deliverables were introduced: the Individual Proof of Concept and the Team Proof of 

Concept. These ensure that students build early prototypes at least one week before final testing. 

Beyond student behavior, project success also depends on strong instructor planning. Each 

semester, the course coordinator proposes several project ideas to the teaching team. Project 

selection is currently guided by a collaborative but flexible review process rather than a formal 

rubric. Each semester, the teaching team engages in structured discussion to balance several key 

considerations, including available laboratory capabilities, anticipated student workload, safety, 

and logistical feasibility. During these discussions, the team evaluates whether existing lab 

resources are sufficient or whether limited additional materials would be required, while 

intentionally avoiding projects that would necessitate excessive or impractical purchases. 

 

The team also considers project viability from the student perspective, including whether the 

scope and complexity are appropriate for first-year students, whether the project can be 

completed within the available time, and whether it would impose unreasonable financial or 

logistical burdens on students. Student interest and engagement are discussed qualitatively based 

on prior experience with similar projects and observed student feedback. 

 

While this process is not currently captured in a formal checklist or scoring rubric, it is informed 

by recurring themes - such as cost, feasibility, complexity, and engagement - that emerged from 

iterative course refinement over multiple semesters. These themes implicitly guide project 

selection and align with the broader course design philosophy presented in this paper. In future 

iterations, this process could be formalized into an explicit project-evaluation framework, which 

would allow for more systematic comparison across potential projects and clearer alignment with 

institutional constraints. 

 

The team then agrees on a project title after considering resources, logistics, student enjoyment, 

and learning value. Once a project is selected, the project handout is drafted with all deliverables 

and deadlines. It goes through multiple revisions before being finalized and shared with students 

on the first day of the semester. Training on tools applicable to the student design project is also 

provided through the student-focused makerspace and university-level fabrication service center. 

This facility offers instruction on MIG welding, CNC routing, CNC plasma cutting, circuit board 

manufacturing, laser training, and general tool operation. Students are encouraged to complete 

their training session prior to starting their individual design projects. 

 

In summary, the methodology for designing and evaluating these projects involved several key 

steps: 

1. Defining Learning Objectives – Each project was aligned with measurable learning 

outcomes related to teamwork, design thinking, problem-solving, and communication. 

2. Integrating Individual-to-Team Progression – Projects were structured to begin with 

individual design and testing phases, followed by team-based development, allowing 
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students to build confidence independently before collaborating, which enhances teamwork 

and problem-solving effectiveness. 

3. Establishing Assessment Tools – Rubrics were created to assess design quality, teamwork, 

communication, and creativity. 

4. Implementing Peer and Self-Evaluations – Students completed the peer and self-evaluation 

forms to evaluate team performance, collaboration, and their own contributions. 

5. Refining Project Scope – Feedback from students and instructors was used to continuously 

improve project clarity, fairness, and alignment with course objectives. 

 

By following this structured approach, the projects ensure consistency across sections while 

maintaining flexibility for instructors to adapt based on class size, available materials, or lab 

conditions. 

 

4. Assessment and Evaluation 
 

The project and all of its deliverables are prepared in advance and shared with students on the 

first day of class. Students receive clear instructions for each project deliverable, including what 

is required, how it should be completed, the due date, and the grading rubric for every 

assignment. 

 

Student learning was assessed using a combination of quantitative and qualitative measures: 

• Rubric-Based Grading: For every deliverable, rubrics were used to evaluate design 

innovation, functionality, technical writing, communication, and teamwork. Rubrics provide 

clear criteria and performance levels, which promote consistency, transparency, and 

alignment with intended learning outcomes across sections and instructors. 

• Peer and Self Assessments: Students completed structured peer and self-evaluation forms at 

multiple points during the semester. These assessments encouraged reflection on individual 

and team contributions, promoted student accountability, and provided supplementary data to 

inform grade decisions and diagnose team dynamics. 

• Team Testing and Reports: Teams presented and tested their final designs in real or 

recorded videos (online students), demonstrating how they solved practical constraints such 

as material limitations, structural performance, or functional requirements. This form of 

performance-based assessment captures authentic problem solving and application of design 

principles. 

• Instructor Observations: Faculty monitored team collaboration, engagement, and iterative 

design behavior during class and lab sessions. Instructor observations helped identify teams 

needing additional guidance, provided context for rubric scores, and supported formative 

feedback throughout the project process. 

 

These assessment methods provided insight into how students interacted, managed tasks, and 

communicated ideas within diverse teams. 

 

5. Discussion 
 

The intentional structure of the project - beginning with individual work and transitioning into 

team-based design - had a clear impact on both teamwork development and engineering 
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problem-solving skills. Prior research shows that first-year students often struggle to contribute 

meaningfully to teams when they lack individual technical confidence [13]. By requiring every 

student to complete an individual background study and individual prototype before joining a 

team, this course design ensured that all students entered teams with ideas, data, and hands-on 

experience. This reduced social loafing and increased equitable participation, a pattern strongly 

supported in teamwork literature. 

 

The staged progression from individual to team deliverables also supported cognitive and social 

development. Educational research shows that scaffolding - moving from simpler individual 

tasks to more complex collaborative tasks - improves learning and confidence. In this course, 

early individual design tasks built foundational problem-solving skills, while later team phases 

required students to negotiate ideas, compare alternatives using decision tables, and justify 

choices through evidence. These activities reflect core engineering problem-solving processes: 

defining constraints, generating alternatives, evaluating trade-offs, and iterating based on testing 

results [9]. 

 

Assessment of engineering Design thinking and learning 

 

Student development in engineering design thinking was assessed using a rubric-based 

evaluation across sequential deliverables, including the individual design, proof-of-concept 

submissions, progress reports, and final technical report. These rubrics evaluated problem 

definition, idea generation, decision-making, testing, iteration, and justification of design 

choices. 

 

Across implementations, rubric results showed consistent improvement from early to later 

deliverables. In particular, scores in problem framing, justification of design decisions, and 

incorporation of experimental feedback increased from Progress Report 1 to the Final Report, 

indicating improved engagement with the engineering design cycle. The inclusion of structured 

individual design and proof-of-concept deliverables also resulted in more complete and 

functional final prototypes compared to earlier course iterations that did not include these staged 

requirements. These results suggest that structured scaffolding of the design process improves 

both learning outcomes and the quality of student design work. 

 

Interdependence is further reinforced through team-level deliverables such as a unified design 

rationale, shared experimental testing, and collective performance during competition events. 

Success in these outcomes depends on effective collaboration, division of labor, and mutual 

accountability, rather than parallel individual contributions. Thus, although the physical artifact 

is larger, the primary increase in complexity lies in the cognitive, analytical, and coordination 

demands placed on teams, which intentionally support interdependent teamwork. 

 

The requirement to document teamwork through agendas, meeting minutes, team charters, and 

project management tools (Work Breakdown Structure (WBS) and Gantt charts) significantly 

strengthened professional skills. Studies show that explicit instruction in team processes - rather 

than assuming students will “learn teamwork naturally” - leads to stronger collaboration and 

fewer conflicts [13]. In this course, agendas improved meeting focus, minutes increased 

accountability, and project planning tools reduced last-minute work. Together, these structures 
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trained students to approach teamwork as an engineering process rather than a casual group 

activity.  

 

Assessment of teamwork development 

 

Teamwork effectiveness was assessed using peer evaluation surveys, self-assessment 

instruments, and instructor review of team artifacts, including meeting agendas, meeting 

minutes, team charters, WBS, and Gantt charts. Peer evaluation instruments were aligned with 

teamwork constructs such as accountability, interdependence, communication, contribution, and 

conflict management. 

 

Mid-semester and end-of-semester peer evaluation results showed improvements in perceived 

accountability and communication consistency. Teams that consistently used structured agendas 

and meeting minutes demonstrated higher task completion rates and clearer division of 

responsibilities. Instructor review of team artifacts confirmed that teams with consistent 

documentation showed stronger follow-through on assigned tasks and better coordination of 

deliverables compared to teams with incomplete documentation. 

 

Qualitative peer evaluation comments also indicated improvements in communication climate 

and psychological safety, particularly in later stages of the project. Students increasingly reported 

comfort in sharing ideas, raising concerns, and participating in decision-making after the 

introduction of structured team charters and defined roles. 

 

Accountability was assessed primarily through instructor observations and review of the 

submitted meeting artifacts. Teams were required to submit formal meeting agendas and minutes 

for every team meeting. Instructors checked these documents to see whether discussion topics, 

goals, assigned tasks, and follow-up items were clearly recorded and acted upon. When tasks 

listed in the agendas were completed on time and documented in subsequent minutes or 

deliverables, this provided evidence that students were following through on responsibilities. 

 

Allowing teams to set their own milestone deadlines could provide valuable insight into higher-

level skills such as planning, time management, and collective decision-making. In the current 

implementation, instructor-mandated milestones ensure consistency across sections and prevent 

last-minute work, which is particularly important for first-year students who may lack experience 

estimating task durations.  

 

Iteration, feedback, and learning cycles 

 

Iteration through multiple report stages and proof-of-concept deadlines had a strong impact on 

engineering problem solving. Engineering education research emphasizes that iteration and 

feedback are central to authentic design learning [9] Progress Reports 1 and 2, combined with 

instructor feedback, allowed students to revise designs and technical writing based on evidence 

rather than guesswork. The addition of Individual and Team Proof of Concept deliverables 

reduced procrastination and encouraged early testing. 
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Rubric comparisons across deliverables showed that students increasingly incorporated instructor 

feedback into subsequent submissions within the same project context, particularly between 

Progress Report 1, Progress Report 2, and the Final Report. 

Although formal assessment data from this implementation are not available, qualitative 

observations suggest positive outcomes. Specifically, the final individual designs produced by 

students consistently demonstrate improvement over their initial proof-of-concept designs, as 

well as over individual designs developed in earlier semesters before the introduction of the 

proof-of-concept requirement. These observations suggest that incorporating an explicit proof-

of-concept phase promotes iterative learning and enables students to benefit from early instructor 

feedback on intermediate deliverables. 

Similar trends have been observed in students’ technical writing. Dividing the technical report 

into three staged submissions appears to be more effective than requiring a single comprehensive 

report for one project and then applying instructor feedback to a subsequent, unrelated project. In 

the revised structure, students are able to immediately incorporate feedback within the same 

project context, leading to noticeable improvements in report quality. These conclusions are 

based on consistent observations reported by instructors; however, they are not yet supported by 

systematic quantitative assessment data. 

An additional indirect benefit of this implementation is a reduction in team-related issues, as 

students complete individual components of the project prior to team formation and are therefore 

better prepared to contribute meaningfully to team discussions. Nevertheless, some team 

challenges persist due to factors unrelated to project structure, such as differences in work habits, 

communication styles, or levels of engagement. 

Psychological safety/teamwork climate 

 

One challenge in implementing this approach is ensuring that each phase of the design project is 

meaningfully distinct. This may require variations in factors such as project scale, the specific 

component or item being tested, or selected secondary design requirements to differentiate one 

phase from another. Without such intentional differences, there is a risk that students may simply 

replicate earlier designs with minimal modification, resulting in limited learning gains across 

successive project deliverables.  

Additional challenges include the increased instructional effort required to develop, coordinate, 

and assess multiple phased deliverables within a single project. Managing timelines across 

phases can be difficult, particularly in large-enrollment courses, as delays in early phases may 

cascade into later stages. Providing timely and consistent feedback at each phase also places 

greater demands on instructional staff, but it is essential for supporting iterative improvement. 

Furthermore, students may initially struggle with the iterative nature of the process, especially if 

they are accustomed to viewing design as a linear activity rather than a cyclical one. Some 

students may focus on meeting minimum requirements at each phase rather than engaging deeply 

with design refinement.  
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Students completed structured evaluation forms at multiple points during the semester, focusing 

on specific behaviors such as participation in meetings, contribution to design and testing, 

communication, and collaboration. An open-ended question was included in the survey allowing 

students to provide comments: “You may make comments about your rating of this member if 

you wish.” This encouraged thoughtful reflection and provided instructors with qualitative 

insights to support team development. Peer and self-evaluations further strengthened teamwork 

and reflection. Reflection is a key component of experiential learning and engineering design 

[25]. By evaluating themselves and teammates mid-semester and at the end, students became 

more aware of communication issues, unequal workload, and leadership challenges. These 

evaluations also provided instructors with data to intervene early in dysfunctional teams, 

supporting healthier collaboration.  

 

In this course, hands-on design projects likely contribute positively to student retention. Research 

on project-based engineering courses shows that participation in hands-on, collaborative design 

activities in first-year programs is associated with higher retention rates compared with students 

who do not take such courses. For example, a study of a first-year, team-based design/build 

course found significant gains in retention through multiple semesters, especially for students 

from groups traditionally underrepresented in engineering [10]. Another study showed that first-

year hands-on, multidisciplinary projects increased retention and even improved graduation 

rates, as students were better able to plan their academic paths and feel committed to the major 

[11]. Teams that communicated regularly and divided responsibilities effectively showed higher 

design performance and reported greater satisfaction with teamwork. In contrast, teams that 

struggled with communication or time management often produced incomplete or less creative 

solutions. 

 

Overall, the redesigned project structure addressed the research questions by showing how 

engineering projects can be intentionally designed to teach teamwork and problem-solving, and 

by demonstrating the impact of these projects on team performance and problem-solving skills. 

The new structure of a single comprehensive project, individual-to-team progression, iterative 

deliverables, formal teamwork documentation, and multiple assessment methods created a 

learning environment that strongly supports teamwork and engineering problem-solving. The 

approach aligns with best practices in project-based and active learning, which consistently show 

positive effects on student engagement, retention, and skill development in engineering 

education. Beyond retention data, research indicates that project-based learning improves 

students’ self-efficacy [12], interest, and effort regulation, all of which are linked with 

persistence in engineering. These courses help students build confidence and relevant skills 

early, which can reduce attrition by making the engineering curriculum feel more engaging, 

relevant, and achievable. 

 

6. Conclusions and Recommendations 

Our solution is intentionally designed to address institutional needs that are not fully met by 

existing first-year engineering experience models. While many such courses share common 

design parameters - such as introduction to the engineering design process, teamwork, and 

professional skills - our approach is differentiated by its tight alignment with our institution’s 

student demographics, resource constraints, and retention goals. 
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Specifically, this course was developed to support a large cohort of first-year students entering 

multiple engineering disciplines with widely varying levels of preparation. Unlike more 

traditional first-year programs that emphasize discipline-specific exposure or a single semester-

long design project, our approach integrates multiple low-stakes, iterative design challenges that 

explicitly scaffold engineering thinking, reflection, and skill development across the semester. 

This structure allows students to repeatedly engage with the design process while receiving 

targeted feedback, which is particularly beneficial for students who are undecided, first-

generation, or underprepared. 

What is novel in our implementation is not the inclusion of individual pedagogical components - 

many of which are well established in the literature, but rather the way these components are 

deliberately combined and sequenced to address institutional priorities. In particular, the 

emphasis on repeatability, ease of implementation at scale, and consistency across course 

sections differentiates this model from others that rely heavily on instructor autonomy or 

resource-intensive projects. This design enables both scalability and sustainability while 

maintaining a consistent student experience, which is critical for our institution. Taken together, 

the innovation of this work lies in the intentional alignment between pedagogical design, 

institutional context, and implementation of constraints, rather than in any single instructional 

element in isolation. 

The project structure was intentionally scaffolded to support students in the gradual development 

of both technical and teamwork skills, recognizing that first-year engineering students often have 

limited prior experience in these areas. The initial phase required each student to write a 

background summary of the technical aspects of the project and to create and test an individual 

design prototype. This step served multiple purposes: it built technical competence, encouraged 

independent problem-solving, and ensured that each student had hands-on experience with the 

engineering design process. By engaging with the project individually, students gained 

confidence in their abilities, developed familiarity with materials and tools, and generated ideas 

that could later contribute meaningfully to team discussions. 

 

Once students have completed their individual prototypes, they transition to team-based projects 

that leverage the knowledge and experience gained from their personal designs. This shift from 

individual to teamwork provided a structured framework for teamwork development. Teams 

were required to synthesize diverse design concepts, discuss design decisions, and coordinate 

fabrication and testing tasks. The collaborative phase emphasized communication, delegation, 

and shared accountability, allowing students to apply problem-solving skills in a realistic 

engineering context. 

 

Throughout the semester, the project was broken into iterative deliverables, including progress 

reports, proof-of-concept demonstrations, and final technical reports. These staged submissions 

functioned as built-in scaffolds, providing students with clear expectations, ongoing feedback, 

and opportunities to reflect on and refine their work. Instructor and peer feedback at each stage 

guided students toward higher-quality designs and more effective collaboration while 

maintaining autonomy in decision-making. 
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By gradually transferring responsibility from instructor-guided support to independent student 

performance, the scaffolding structure enabled students to tackle increasingly complex tasks by 

the end of the semester. This approach not only strengthened technical skills and design 

proficiency but also reinforced essential professional competencies, such as teamwork, project 

management, and iterative problem-solving, preparing students for subsequent engineering 

coursework and real-world engineering challenges. 
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An example of the list of project deliverables sheet. 

 
 



 

An example of a project handout. 

 



 

 
 

 



 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

An example of the individual background summary prompt. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

An example of the list of project deliverables sheet. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

An example of the rubric of the background research summary. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

An example of peer and self-evaluation. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

An example of a rubric for how the design was graded. 

 

 
 

 

 

 

 

 

 

 

 



 

 

An example of how a technical report feedback. 

 

 


