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Project-based Learning in a MulƟdisciplinary Two-Semester First Year Experience 1 

 2 

ABSTRACT 3 

Problem-based learning not only provides a plaƞorm for students to learn by performing hands-on 4 

projects, but also, with proper planning, it helps with development of their collaboraƟon, 5 

communicaƟon, safety consideraƟons, and criƟcal thinking skills. On the contrary, it involves its own set 6 

of drawbacks, including the considerable Ɵme, energy, and resources instructors must invest in 7 

developing and implemenƟng the course. In this work, we argue that, with proper planning over the 8 

span of several semesters, instructors can successfully transform a lecture-based first year course 9 

sequence for Chemical and Petroleum engineers’ offering. This transformaƟon aims to provide students 10 

with the acƟve learning experience in a project-based team environment while significantly reducing the 11 

reliance on tradiƟonal lectures. At Mississippi State University, the IntroducƟon to Chemical and 12 

Petroleum Engineering course (fall semester) and the Analysis course (spring semester) are examples of 13 

such an achievement. Beginning in 2006, transformaƟon of the lecture-based Analysis course began with 14 

a modest transiƟon to allow students learn STEM concepts through hands-on scienƟfic team 15 

experimentaƟon. Year-by-year advancements have transformed the course to a predominantly project-16 

based learning approach with minimal tradiƟonal lectures. Through such transformaƟons, this course 17 

meets all ABET student outcomes criteria 1 through 7, as well as, the 6 key characterisƟcs of a successful 18 

problem-based learning experience provided by HQPBL organizaƟon. With the re-establishment of the 19 

Petroleum engineering bachelor’s degree program in 2015, Petroleum engineering freshmen joined the 20 

Analysis course.  In fall 2023, Chemical and Petroleum engineering freshmen were combined for an 21 

IntroducƟon to Chemical and Petroleum Engineering course, as well. The aim was to offer a 22 

comprehensive first-year experience blending project-based learning with addiƟonal content delivered 23 

through lectures. This study highlights the successful transformaƟon of a tradiƟonal engineering course 24 

into an experienƟal immersive learning experience. It demonstrates the posiƟve impact on student 25 

engagement, skill development, and understanding of course materials. The study also emphasizes the 26 

importance of conƟnuous assessment and improvement to ensure the effecƟveness of project-based 27 

learning approaches.  28 

 29 

1. INTRODUCTION 30 

Project-Based Learning (PBL), defined as the exploraƟon and gain of new knowledge through hands-on 31 

projects under the guidance of an instructor(s), originated in medical sciences at McMaster university in 32 

Ontario, Canada, in 1965 [1, 2]. PBL and ExperienƟal Immersive Learning (EIL) are oŌen used 33 

interchangeably. These pedagogical approaches are rooted in construcƟvism, an educaƟonal theory 34 

emphasizing the use of learners’ experiences and interacƟons with the outside world to learn a subject 35 

[3, 4].  36 

In higher educaƟon, acƟve learning methods (e.g. PBL and EIL) may be uƟlized in lieu of or accompanying 37 

more passive, tradiƟonal educaƟon methods such as tradiƟonal lectures direcƟng knowledge flow from 38 

the instructor to the learner [5, 6]. While the tradiƟonal lecture approach has evolved to be the 39 

predominant mode of instrucƟon, it is well known that this approach lacks essenƟal components for 40 
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opƟmal learning in today’s educaƟon and professional environments [6]. Hence, teaching methods such 41 

as PBL have gained posiƟve aƩenƟon among researchers and educators [1-2, 6-25].  42 

There are varieƟes of PBL pracƟces depending on cultural and educaƟonal backgrounds of a teaching 43 

enƟty [1, 2, 26]. Servant-Miklos [26] reports on the reinvenƟon of PBL by Masstricht University in 44 

Netherlands. For the field of medical educaƟon, they argued that “Even though PBL was first conceived 45 

at McMaster, the innovaƟons in PBL developed at Maastricht are sufficiently radical and sufficiently 46 

influenƟal to consider the development of PBL at Maastricht as an educaƟonal revoluƟon in its own 47 

right”. Graaf and Kolmos [2] compared McMaster-Maastricht PBL model to the Aalborg University (in 48 

Denmark) model while elaboraƟng on the Dutch and Danish approaches to PBL. All these approaches are 49 

varieƟes of the original McMaster University’s approach to PBL.  50 

It is worth noƟng that although PBL has proven to be an effecƟve and authenƟc instrucƟon strategy, it is 51 

not a straighƞorward or easy method to implement. Some of the difficulƟes associated with PBL include 52 

a considerable investment in Ɵme for planning and developing appropriate teaching material 53 

accompanied by an equally demanding investment in energy and financial investment to deliver a PBL 54 

experience of sufficient rigor to meet the criteria of the educaƟonal approach [11, 20, 27].  55 

Project-based learning must meet a definiƟve set of criteria [28, 29, 30, 31]. Considerable debate in the 56 

literature has grappled with the criteria which truly consƟtutes a PBL experience. Thomas [28] proposed 57 

five criteria for a PBL experience: “Centrality”, “Driving QuesƟon”, “ConstrucƟve InvesƟgaƟons”, 58 

“Autonomy”, and “Realism”. Based on these criteria, projects need to be the essenƟal part of the 59 

curriculum and students need to achieve the course learning objecƟves by doing the projects. In 60 

addiƟon, projects need to relate to the learning objecƟves by engaging students with the principles of a 61 

discipline. They should also be realisƟc, “giving students a feeling of authenƟcity”, while engaging them 62 

in a “construcƟve invesƟgaƟon” with some level of difficulty [28]. Other efforts have been made to 63 

define the main criteria for a PBL experience, as well. The High-Quality Project Based Learning (HQPBL) 64 

project, supported by the Project Management InsƟtute EducaƟonal FoundaƟon [32] and the William 65 

and Flora HewleƩ FoundaƟon [33] is another such effort. According to the guidelines presented by 66 

HQPBL [29], a high-quality project-based learning experience must contain at least these 6 key 67 

characterisƟcs: “Intellectual Challenges and Accomplishments”, “AuthenƟcity”, “Public Product”, 68 

“CollaboraƟon”, “Project Management”, and “ReflecƟon”. Some of the criteria proposed by HQPBL are 69 

similar to the ones proposed by Thomas [28] and others [30, 31]. Based on HQPBL, a PBL experience 70 

requires mulƟple-answer, complex problems that engage students in criƟcal thinking. The problems need 71 

to be authenƟc, meaning they could have a real-life impact on people and communiƟes outside the 72 

school seƫng. Students need to share the results of their projects with their peers and present them to 73 

the public. Public may include experts and people outside the classroom. Teamwork skills are a necessity 74 

in a professional workplace; therefore, projects should be collaboraƟve. CollaboraƟon is not only limited 75 

to students’ team members in class. They may also collaborate with individuals outside school, such as 76 

experts in the field or students in other schools, etc. In addiƟon, PBL should be designed such that 77 

students may learn project management skills, such as Ɵme, task, and resources management. Finally, 78 

they need to receive feedback and learn how to uƟlize feedback for the improvement of their work. 79 

Students should also acquire skills to self-access the quality of their work. This helps students in retaining 80 

the acquired knowledge and produce beƩer outcomes [29].  81 
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To implement PBL more efficiently, SrinivasaPai et al [34] proposed guidelines based on feedback from 82 

faculty and students: 1) PBL cannot be implemented for all courses, 2) Since PBL requires more work and 83 

problems could be more challenging, students may reject the adopƟon of PBL; hence the need for 84 

making them understand the benefits of this approach, 3) regular feedback from students is a 85 

requirement to access the success of a PBL approach, 4) the design of problems could be challenging, 5) 86 

Instructors must be available to students for help, 6) a group of 5 students is ideal and each should have 87 

an acƟve role, 7) the progress of student teams need to be monitored constantly, etc.  88 

PBL has been an essenƟal agent of more efficient educaƟon in Engineering, as well. Among the research 89 

on this subject, some are more focused on a single course, while some have a broader impact on the 90 

curriculum [12-15, 17-25, 27, 35]. There are also research and reports on instructor training and teaching 91 

enhancement [16] showing the special aƩenƟon to PBL given by the Engineering educaƟon community. 92 

Woods [12] presented results of a longitudinal study in Chemical Engineering classes over 13 years 93 

poinƟng to the effecƟveness of switching to a new curriculum containing PBL components with fewer 94 

courses. The mismatch between the required skills by the industry and students’ skills has been one of 95 

the main driving forces for such a transiƟon to a PBL-based curriculum. South Dakota School of Mines 96 

and Engineering iniƟated the implementaƟon of PBL concepts across courses in general engineering, 97 

mathemaƟcs, science and English [17]. They presented a model for a PBL-focused first-year curriculum, 98 

while poinƟng at the fact that most universiƟes (at that Ɵme) were not suitably structured to implement 99 

PBL pracƟces straighƞorwardly; and noted that it will take some effort to add PBL pracƟces to their 100 

course material and curriculum acƟviƟes. They also pointed out that students can handle about 2 101 

projects per semester efficiently and aŌer that they might lose the ability to connect project objecƟves 102 

with course material [17]. Courses such as capstone design for senior Engineering students should 103 

inherently follow a PBL format; however, some instructors are not trained on implemenƟng and merging 104 

PBL criteria with the design course material. Mclntyre [22] points at the necessity of such trainings for 105 

design course instructors. Havener and Dull [23] and Striegel and Rover [18] emphasize on the 106 

importance of designing a website for a PBL course delivery. We argue that a website may be replaced 107 

with Canvas or Blackboard learning management plaƞorms which are currently widely uƟlized in 108 

UniversiƟes across the naƟon.  109 

Most studies on BPL show, not only the superiority of this approach in comparison to more tradiƟonal 110 

lecture-based teaching philosophies, but also show that students support and prefer PBL. For example, 111 

Nasr and Ramadan [27] developed teaching modules for topics in thermodynamics at KeƩering 112 

University and concluded that students prefer the PBL approach over lecture-based classes. They also 113 

point at some possible challenges, among which included the need for instructors to have some pracƟcal 114 

experience to design effecƟve problems, noƟng that PBL consumes much more Ɵme from the instructor 115 

than tradiƟonal approaches, recognizing that the creaƟon of good problems is challenging, and that 116 

proper assessment brings its own set of challenges. Regarding Ɵme, Bower et al. [15] explored the 117 

possibility of applying PBL effecƟvely by a single instructor and showed that PBL can effecƟvely be 118 

applied to a Civil Engineering course by a single instructor. 119 

PBL has proven to be a very effecƟve teaching strategy in mulƟdisciplinary and interdisciplinary fields too 120 

[13, 20]. Wood [13] reports on creaƟon of an interdisciplinary PBL engineering technology course for 121 

freshman and part of sophomore years. Arena et al. [20] report on challenges associated with 122 

implemenƟng PBL in a mulƟdisciplinary field such as Biomedical Engineering. They menƟon that PBL 123 

requires a “broad range of experƟse and significant Ɵme investment” and if the number of instructors is 124 
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limited and there is a large number of students, implemenƟng PBL is going to be even more challenging. 125 

They proposed rotaƟng faculty facilitators (usually graduate students under a teaching assistantship) to 126 

address this problem.  127 

The current two-course, freshman year sequence for Chemical and Petroleum Engineering students at 128 

Mississippi State University has evolved over 19 years of iteraƟve trials with extensive student feedback 129 

to produce a mulƟ-faceted pedagogical approach using some tradiƟonal lecture to deliver introductory 130 

or background content efficiently coupled with collaboraƟve learning and PBL as the primary “engine” 131 

for achieving the course learning objecƟves.  132 

 133 

2. BACKGROUND 134 

Originally structured as an introductory chemical engineering course sequence, the course content was 135 

delivered solely by lecture and focused on the overview of the chemical engineering field and tradiƟonal 136 

problem-solving through instrucƟon, assigned homework, and paper tesƟng. Course modificaƟon began 137 

in year 2006 with changes in the spring-semester to the three credit hour CHE 2213 Analysis course. To 138 

this end, projects rooted in use of the LEGO NXT roboƟcs plaƞorm were introduced to demonstrate 139 

simple engineering processes, such as tank level control (Figure 1) [35]. Unlike Analysis course, the fall 140 

term introductory course (CHE 1101—a one semester credit hour lecture) retained the tradiƟonal 141 

approach at that Ɵme.    142 

 143 

Figure 1. Tank level control using LEGO NXT roboƟcs components [35]. 144 

Students’ response was posiƟve (assessed via surveys which report on the increased students’ level of 145 

comfort, confidence, and efficacy for each ABET criteria) and addiƟonal projects were developed. These 146 

projects were Ɵed to the classificaƟon of historical industrial pracƟce of chemical engineers along the 147 

line of Unit OperaƟons.  An impetus for this approach was Ɵed to the historical strength of our chemical 148 

engineering program in co-operaƟve educaƟon and internships with regional industries (e.g. chemical 149 

process industries, pulp & paper, and oil and gas).  While our undergraduate chemical engineering 150 
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program does not require a work experience through co-op or internships, 60% of our graduates have 151 

such work experience (data spanning 20+ years). 152 

In 2015, the Petroleum Engineering (PTE) Bachelor’s degree program was reintroduce to our College of 153 

Engineering and was housed within the School of Chemical Engineering.  CHE 2213 Analysis was 154 

incorporated into the PTE curriculum from the outset. By the 2023-24 academic year, both chemical and 155 

petroleum engineering freshmen have been combined into a common freshman year, which includes 156 

PBL elements. In addiƟon, the first year course (CHE-PTE 1101) has been modified to also introduce 157 

students to PBL. This change provided a means for building student awareness of the PBL approach, 158 

team building acƟviƟes, and an improved student preparaƟon for the PBL-emphasis of the spring term. 159 

Described as Team Challenges, projects introduced to this two-course sequence have included such 160 

topics as: 161 

 Rates of heat transfer through various metals 162 

 ConvecƟve heat transfer in solar ovens 163 

 Tank level control 164 

 Double-pipe heat exchanger performance 165 

 CalibraƟon of a flow sensor 166 

 Centrifugal pump study 167 

 Centrifugal pump impeller design, 3D prinƟng & tesƟng 168 

 Energy conversion through use of a Wind Turbine 169 

 pH control for a water treatment plant 170 

 Flow through porous media 171 

 Enhanced oil recovery (under development) 172 

The porƞolio of Team Challenges and regular improvements in each project provides an inventory of 173 

projects to select from each academic year. This keeps student’s experiences fresh and interesƟng, 174 

allaying any concerns that material from year to year is transmiƩed between students at different 175 

classificaƟons 176 

A laboratory fee associated with the CHE 2213 Analysis course has provided support for project 177 

materials. The success of the PBL approach has resulted in the evoluƟon of the CHE 2213 Analysis course 178 

for delivery as a dual enrollment course offered at mulƟple high schools in Jackson and Vicksburg 179 

Mississippi, as well.  180 

As these courses evolved, so have the learning objecƟves. Table 1 outlines the current learning 181 

objecƟves for both courses in the first year sequence. 182 

 183 

 184 

 185 

 186 

 187 
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Table 1.  Learning ObjecƟves for CHE/PTE 1101 and CHE 2213 
 
1. Apply basic knowledge of chemical and petroleum engineering fundamentals to setup and/or 

design projects, conduct experiments, as well as analyze and interpret data. 
2. FuncƟon in teams, in various roles, with team members of diverse personal backgrounds to 

accomplish assignments. 
3. IdenƟfy environmental, health, and safety issues related to industry pracƟce associated with 

chemicals processing and producƟon, pulp and paper, oil and gas, and many other industries open 
to chemical and petroleum engineers. 

4. Recognize the contribuƟons of others in group problem solving sessions, technical reports, oral 
presentaƟons, and other formats. 

5. Recognize the need for competent performance throughout all phases of work. 
6. Recognize the need for an ability to engage in lifelong learning in engineering safety and 

engineering design/experimentaƟon. 
7. Be aware of contemporary issues in an industry environment (e.g. global awareness and social 

impact). 
8. Use appropriate technology to record, organize, manipulate, analyze, and present experimental 

data and results in tabular and graphical formats and to write and orally present technical reports 
to a variety of audiences. 
 

 188 

For each Team Challenge report, student teams provide an outcomes assessment Ɵed to the learning 189 

objecƟves (Table 2). 190 

 191 

Table 2.  Team Outcomes Assessment 
 
Describe the degree to which this Team Challenge enabled your team to… 

1. Apply the principles of engineering to solve problems. 
2. Apply the engineering design cycle [This is a systemaƟc model presented to the student teams 

with each Team Challenge] to produce soluƟons while considering outside factors including: 

 Environmental 

 Economic 

 Safety 

 Public Health 

 Social 
3. Communicate with a larger audience. 
4. Address ethical and professional responsibiliƟes 
5. Grow as a Team 

 

  192 

3. PROBLEM-BASED LEARNING IMPLEMENTATION 193 

In retrospect, the evoluƟon of the first year experience for our students has developed along the 194 

precepts outlined in the Framework for High Quality Project Based Learning [29].  As such the remaining 195 

discussion will track six criteria presented by the HQPBL OrganizaƟon.  196 
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3.1. Intellectual Challenge and Accomplishment 197 

The first criterion for PBL established in the HQPBL framework is Intellectual Challenge & 198 

Accomplishment. Recognizing the significant transiƟon freshmen are making from their high school 199 

environment to the university campus life, our introductory course focuses on several foundaƟonal 200 

values. We believe these values encompass elements of the intellectual challenge and accomplishment 201 

inherent to undertaking a successful study in engineering: 202 

 Establishment of a supporƟve student network for the engineering educaƟon endeavor 203 

 Filtering the “noise” associated with the inaugural entrance to university campus life (e.g. the 204 

almost overwhelming opportuniƟes to join numerous organizaƟons and establish a new and 205 

vibrant social network and gauging compeƟng interests with the demands of a rigorous 206 

engineering curriculum) 207 

 Developing a “professional” approach to personal development for interacƟons with a new, and 208 

somewhat daunƟng, audience (i.e. faculty members, academic advisor, alumni and industry 209 

representaƟves providing mentoring and co-op/internship opportuniƟes) 210 

Each of these values must be adopted and adapted by the freshman engineering student to acquire the 211 

skills necessary for success in a highly compeƟƟve environment. To that end, the authors have structured 212 

the first semester course to introduce and begin establishing these values among students. This is done 213 

within the context of a systemaƟc approach to inculcate the pracƟces necessary for student success 214 

within a PBL approach. The CHE/PTE 1101 course opens with a brief overview of the broad range of 215 

professional pracƟces in chemical and petroleum engineering fields followed by series of simple STEM 216 

based problems designed to quickly foster student interacƟons in an informal, collaboraƟve working 217 

environment. This approach, established within the first few weeks of the fall semester, has proven to 218 

facilitate students quickly build working relaƟonships with one another—a primary objecƟve and a key 219 

to future persistence in engineering. Anecdotally, upper level students have reported over the years the 220 

iniƟal hesitancy they felt with this approach but the surge of confidence gained by “jumping off the high 221 

dive” at the outset.  While coaching by the instructors emphasizes that students have the necessary 222 

experience from high school in approaching these problems (i.e. using basic mathemaƟcs, chemistry, 223 

etc.), the open-ended nature of the approach (i.e. assigning a wide range of problems for in-class work 224 

while not covering specific topics in a lecture format beforehand) introduces an iniƟal “fear factor”.  225 

Instructors work to coach and reassure the students that they can do the work and that, as future 226 

engineers, each day brings unforeseen and new intellectual and technical challenges. 227 

Student comments have ranged from, “I was iniƟally scared, but I gained confidence as I started working 228 

with others in the class” to “I see what you are doing ‘doc’ and I realize this really isn’t what I want to 229 

study”.  In the authors’ opinions, both responses indicate success—on one hand, a student has seen the 230 

process of engineering problem solving and realized that they CAN do it (i.e. a qualitaƟve boost in self-231 

efficacy) and, on the other hand, a student has been saved significant Ɵme and resources by geƫng a 232 

crystallized view of engineering problem solving and choosing an alternaƟve educaƟonal track early. For 233 

the second student, we have oŌen seen them move to either a different engineering major or another 234 

STEM field with great success (one author having taught in engineering for 34+ years). 235 

Team building exercises in the first course are followed by formally establishing teams.  Typically teams 236 

of 4 members are established, though 3-5 members have proven successful where natural friendships 237 
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were formed during the iniƟal collaboraƟve learning acƟviƟes. Generally, teams are established through 238 

a process of self-selecƟon. Time has repeatedly demonstrated that this process succeeds both in the 239 

establishment of teams among members who have built good working relaƟonships, while also 240 

achieving solid diversificaƟon among the class members.  Strong coaching by the Instructors has 241 

facilitated team formaƟon and success across the range of student “credenƟals and preparaƟon” from a 242 

variety of high school backgrounds. 243 

Teams are then assigned Team Challenges, which include two projects for the fall term. For example, for 244 

fall 2023, the first Challenge tasked student teams with analysis of a simple experiment to examine flow 245 

through porous media (a phenomenon important to both chemical and petroleum engineering 246 

pracƟces).  Student teams performed the study and were challenged to evaluate the key variables 247 

associated with the phenomenon and the possible relaƟonships among the variables. Akin to the 248 

concept of “dimensional analysis”, this project aims to build students’ knowledge of fundamental 249 

engineering dimensions and begin to formulate an idea of the importance of understanding the 250 

relaƟonship between engineering variables, physical measurements, and evaluaƟon of engineering data 251 

to assess a process. In the second Challenge, student teams were tasked with studying the rate of heat 252 

transfer through different metals.  Figure 2 illustrates the setup for this Team Challenge. 253 

 254 

 255 

Figure 2.  Rates of heat transfer through metal plates 256 

Each Team Challenge is structured to engage students in acƟviƟes directed at achieving learning 257 

objecƟves through each phase of the project. Table 3 illustrates the general format of each Team 258 

Challenge. 259 

 260 

 261 

 262 
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Table 3.  General format for a Team Challenge 
 

1. Safety First—this secƟon introduces student teams to any potenƟal safety hazards with 
specific instrucƟons for performing the project safely.  A Job Safety Analysis (JSA) form is 
required for all projects which engages students in a survey of the work environment for 
idenƟfying safety equipment (e.g. safety showers, first aid cabinet, chemical spill kit, etc.) and 
any potenƟal safety issues.  A JSA is submiƩed with each Team Challenge report. 

2. Background—a simplified theoreƟcal background is presented to highlight the key concepts 
being studied and relevance to the broader pracƟce of chemical and petroleum engineering 

3. Outcomes Assessment & Learning ObjecƟves—key outcomes and learning objecƟves are 
addressed by a series of statements and quesƟons for guiding students in self-assessment at 
the conclusion of the project. 

4. Team Member Roles and Final Report format—each team member has a specific role (some 
are shared) for conducƟng the project, for evaluaƟng the results, and for specific report 
secƟons.  Team roles are rotated among each member over the course of successive Team 
Challenges throughout the freshman year.  Experience has shown that most teams are highly 
funcƟonal and readily share each role to accomplish the projects.  Where teams have 
evidenced dysfuncƟon, strong involvement and coaching by the instructors has proven to 
circumvent failure and the resulƟng discouragement of individual students. 

5. Equipment DescripƟon and Procedures—each Team Challenge handout is richly detailed and 
visually engaging to guide students through the enƟre project. 

6. Data management—the first year experience builds students’ skill in using MicrosoŌ Excel for 
data management and analysis.  A few basic tools are illustrated over the course of the 
freshman year and students use these tools for data analysis (e.g. graphical representaƟons 
and staƟsƟcal tools such as ANOVA). 
 

 263 

3.2. AuthenƟcity 264 

The HQPBL framework highlights authen city as a second key criterion.  Defined as “engaging students 265 

in projects that are meaningful and relevant to their culture, their lives, and their future”, the PBL 266 

approach of our first year is directed specifically at the process of exploring the fundamental knowledge 267 

and skills associated with the study of engineering (with applicaƟons from chemical and petroleum 268 

engineering).  Figure 3 illustrates a range of topics covered by Team Challenges.  Emphasis is placed on 269 

engaging student teams in work that connects to the broader world of engineering pracƟce and its 270 

relevance to building and maintaining a technologically-advanced society in an ever-changing world with 271 

inherent expectaƟons that engineering will be conducted within the needs for sustainability.   272 
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 273 

Figure 3. Range of topics covered by team challenges 274 

 275 

3.3. Public Product 276 

HQPBL describes the criterion Public Product as an approach whereby “students’ work is publicly 277 

displayed, discussed and criƟqued”.  278 

Each year, representaƟves from our industrial advisory board engage with our freshman class for the 279 

purpose of assessing students’ percepƟons of their first year experience by examining their projects and 280 

providing them with feedback. Many of the advisory board members are alumni with long-standing 281 

acƟviƟes in recruiƟng and hiring. This interacƟon is typically conducted through a project poster 282 

symposium, where advisory board members rotate among all teams who describe their projects in 283 

summary. This is then followed by general quesƟoning and feedback from the board members. This has 284 

proven to be a highlight for both the freshmen and our advisory board—providing a valuable 285 

contribuƟon to all stakeholders while also providing invaluable feedback for program assessment. 286 

In addiƟon to poster sessions, feedback from company representaƟves conducƟng interviews for 287 

cooperaƟve educaƟon and internship posiƟons consistently highlights students referring to first-year 288 

Team Challenge experiences, oŌen during their sophomore year. This underscores the tangible value of 289 

the PBL approach in preparing students for real-world applicaƟons even in the first year of their studies. 290 

 291 

3.4. CollaboraƟon 292 

The fourth criterion presented by HQPBL as necessary for successful project based learning is 293 

Collabora on.  As illustrated in the aforemenƟoned descripƟons of our Team Challenges, the very nature 294 
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of these projects relies upon a strong sense of collaboraƟon among student team members and the 295 

coaching role of the instructors. Figure 4 shows a commonly used engineering design cycle employed 296 

within the Team Challenge structure.  Students are coached to iteraƟvely improve their project work 297 

through mulƟple trials via assessment and evaluaƟon. 298 

Through years of successive trials with various Team Challenge projects, the authors have observed that 299 

the relaƟve success of student teams in tracking with the full cycle of the engineering design process 300 

(Figure 4) is strongly dependent upon the complexity of the project itself. For instance, consider the 301 

Team Challenge Ɵtled "Measurement of Porosity." In this acƟvity, students are tasked with employing 302 

their creaƟvity and judgment to build a porous medium and determine its porosity. Equipped with 303 

graduated beakers, glass beads, a caliper, and a specified volume of water, teams start the challenge. 304 

Their objecƟve is to fill one of the beakers with glass beads and measure its porosity. To achieve this, 305 

they must envision how this setup mirrors the characterisƟcs of a rock, including its pore and total 306 

volumes. Careful planning is required to decide when to fill the beaker with water and when to measure 307 

specific volumes. Given the known approximate porosity of a random packing of spheres, teams can 308 

compare their results and assess their work for potenƟal improvements. 309 

 310 

Figure 4.  The Engineering Design Cycle 311 

The strength of collaboraƟon becomes evident over the course of the freshman year with the 312 

compleƟon of each successive Team Challenge. Pre- and post-project surveys have shown improvements 313 

in student self-efficacy and their sense of collaboraƟon in teams (Figure 5). Surveys are designed to 314 

include some of the ABET criteria 1-7 [36]. For example, Figure 5 shows the results of pre- and post-315 

challenge administered in a recent CHE/PTE 1101 offering, which includes 5 ABET criteria. Each student 316 

reports their level of comfort, confidence, and efficacy for each criteria by providing a number between 317 

1 and 5 (1: not confident at all and 5: completely confident). The average scores are then calculated as 318 

the final result for each criteria. The results show improvement in all 5 ABET metrics of the surveys. 319 

Included metrics are [36]: 320 

A) “Ability to idenƟfy, formulate, and solve complex engineering problems by applying principles of 321 

engineering, science and mathemaƟcs.” 322 
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B) “Ability to communicate effecƟvely with a range of audiences (in this case your fellow team 323 

members and your instructors)” 324 

C) “Ability to funcƟon effecƟvely on a team whose members together provide leadership, create a 325 

collaboraƟve & inclusive environment, establish goals, plan tasks and meet objecƟves.” 326 

D) “Ability to develop & conduct appropriate experimentaƟon, analyze and interpret data and use 327 

engineering judgment to draw conclusions” 328 

E) “Ability to acquire & apply new knowledge as needed using appropriate learning strategies.” 329 

 330 

 331 

 332 

Figure 5. Results of pre- and post- challenge student self-assessment for a recent offering of CHE/PTE 333 

1101 (A, B, C, D, and E refer to ABET criteria presented in this secƟon) 334 

In Criterion “A”, students inherently engage in idenƟfying, formulaƟng, and solving engineering 335 

problems that they perceive as “complex” during their iniƟal encounter. Here, the 0.6 point increase in 336 

cumulaƟve self-assessment by the students is deemed significant. On the other hand, survey results for 337 

criterion “B” show a modest increase of 0.22 points. Since student teams comprise a mix of mostly 338 

chemical engineering and significantly fewer petroleum engineering majors, their percepƟons of 339 

communicaƟon with a range of audiences is limited. The iniƟal raƟng of 3.8 is the second highest of 340 

cumulaƟve pre-challenge self-assessment of any of the five criteria surveyed. This indicates that students 341 

entered the Team Challenge with a strong personal sense of their ability to communicate with a range of 342 

audiences. During the first year, individual students are navigaƟng the challenges of forming working 343 

groups across a broad spectrum of social and academic encounters, both inside and outside of the 344 

classroom/laboratory.  345 

The broad range of experiences for individual students is observed in our freshman teams—teams 346 

demonstrate rapid acclimaƟon to the required skills for success (e.g. strong communicaƟon, regular 347 
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meeƟngs outside of class to work on data management and reporƟng, clear division of tasks, etc.). This 348 

is reflected in high raƟngs both pre- and post- Team Challenge for Criterion “C”. The most significant 349 

change between pre- and post- self-assessment was observed for Criterion “D” (pre- and post-challenge 350 

averages of 3.1 and 4, respecƟvely). Anecdotal observaƟons and student feedback suggest that this 351 

learning approach is novel to the majority of students, and they feel most capable of addressing these 352 

challenges once they have been exposed to them and acƟvely engaged in the process.  353 

Finally, before introducing the Team Challenges to students, significant Ɵme is devoted to introducing 354 

engineering problem-solving, which involves applying STEM concepts to pracƟcal applicaƟons. However, 355 

post-Challenge survey results of criterion “E” indicate improvement, suggesƟng that these challenges 356 

assist students in acquiring deeper knowledge by revisiƟng introductory concepts and implemenƟng 357 

them into their projects. 358 

The results of surveys has been anecdotally observed to oŌen conƟnue throughout the students’ enƟre 359 

undergraduate study (as observed by one author who also directs both junior and senior undergraduate 360 

Unit OperaƟons laboratories in chemical engineering).  OŌen, teams formed by students in the freshman 361 

year will remain intact in later courses where self-selecƟon of teams is pracƟced. 362 

 363 

3.5. Project Management 364 

The fiŌh criterion highlighted by HQPBL as necessary for successful project-based learning is Project 365 

Management, wherein students “use a project management process that enables them to proceed 366 

effecƟvely from project iniƟaƟon to compleƟon”.  As menƟoned in reference to CollaboraƟon, the 367 

emphasis on the Engineering Design Process and guidelines for team roles and responsibiliƟes presented 368 

with each Team Challenge has proven to offer students a framework for individual teams seƫng and 369 

achieving project milestones. Following the COVID pandemic and its impacts on educaƟon, one benefit 370 

that emerged in student collaboraƟon and management was a significant increase in student proficiency 371 

with using online meeƟng tools and shared document authoring. For most of our projects, the actual 372 

laboratory work to set up the equipment, design the experiments, and acquire the experimental data is 373 

significantly less Ɵme consuming than the subsequent data management, analysis, and reporƟng. While 374 

students regularly report difficulty in finding Ɵmes for everyone to meet face-to-face, the ability of 375 

students to meet and share work online has resulted in improved project management with 376 

accompanying improvements in Team Challenge products (i.e. Team wriƩen reports and Excel 377 

spreadsheet reports). 378 

 379 

3.6. ReflecƟon 380 

The sixth and final criterion advocated by HQPBL as an indicator for successful project based learning is 381 

Reflec on—the process of students reflecƟng on their work and their learning throughout the project. 382 

The reporƟng mechanisms for our Team Challenge projects, parƟcularly the required Outcomes 383 

Assessment for each report (Table 2) has served to guide students through the reflecƟon process for 384 

mulƟple facets of their PBL experience. Coupled with mulƟple surveys and informal discussions over the 385 
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course of each semester, students have shown great freedom in expressing their growth in facing the 386 

opportuniƟes and challenges of pursuing rigorous career preparaƟon through engineering study. 387 

 388 

4. SUMMARY AND CONCLUSIONS 389 

With 19 years of course evoluƟon leading to the current mulƟ-disciplinary first year experience for 390 

chemical and petroleum engineering freshmen, the authors believe that the project-based-learning 391 

approach has provided our students with an experience that accomplishes mulƟple goals: 392 

 Provides an atmosphere for building strong working relaƟonships with fellow students oŌen 393 

carrying well beyond the freshman year 394 

 Affirms (or guides) students in their efforts to define their pursuit of a major and personal career 395 

goals 396 

 Enables students to acquire skills that are readily communicable to prospecƟve employers for 397 

co-operaƟve educaƟon or internship opportuniƟes 398 

 Builds professional skills for interacƟng with a variety of audiences in highly technical fields 399 

 Engages students in a survey of advanced engineering topics from a pracƟcal standpoint 400 

enabling them to anchor generalized engineering concepts to highly visual applicaƟons. 401 

 402 
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