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Abstract  

The theoretical and motivational impetus for a curricular redesign is herein described that 

incorporates immersion experiences within three core chemical engineering undergraduate courses 

taken sequentially in the junior and senior years at Tennessee Technological University. The 

efforts are aligned with the Quality Enhancement Plan (QEP) at this same university which is 

aimed at improving undergraduate curricula via the promotion of inquiry learning strategies.1,2 The 

redesign incorporates a range of immersion experiences envisioned as activities that enhance 

student learning through the Renaissance Foundry Model (herein, the Foundry)3 which promotes 

an iterative learning process that culminates in the construction of a prototype of innovative 

technology.3 A scaffolded strategy of implementation is expected to provide insights to the ways 

in which students engage with innovation-driven learning goals and make connections between 

past experiences, content knowledge, and their own perspectives to sculpt a challenge statement 

that will provide the basis for a prototypic-centered solution.  
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Introduction  

This work offers an overview of the theoretical framework and motivation for a curricular 

redesign within three undergraduate Chemical Engineering (ChE) courses (ChE 3111: Heat 

Transfer; ChE 3121: Fluid Mechanics; ChE 4661: Biotransport Phenomena) at Tennessee 

Technological University (TTU).  The redesign of these courses utilizes immersion experiences to 

enhance the innovation-driven learning processes that are central to the curriculum’s pedagogical 

platform – the Renaissance Foundry.3   The impetus for this redesign is founded on leveraging the 

incorporation of experiential learning experiences (i.e., immersions) as part of students’ active and 

inquiry-based learning spaces within their core course content to subsequently increase their 

engagement with the innovation-based processes outlined in the Foundry.1-4  These immersion 

elements are being implemented through a variety of enhancement activities in each course and 

are envisioned to provide an immersive experience to students within the classroom. The efforts 

are supported via a curriculum grant that was awarded to the authors from the university’s Quality 

Enhancement Plan (QEP) that is focused on creative inquiry, i.e., Enhanced Discovery through 

Guided Exploration (EDGE). Our purpose in this work is to outline the efforts associated with this 

curricular redesign and to connect with the theory and literature that provided its foundation.  We 

also provide preliminary observations from the first course of this sequence (ChE 3111: Heat 
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Transfer) as a primary illustration of the pedagogical implications of this redesign with regards to 

critical and creative thinking, problem identification, and the connection of complex ideas.  

 

Theoretical Framework 

Inquiry-Guided and Active Learning Strategies 

This curricular redesign draws heavily from the literature on inquiry-guided and active-

based learning strategies.  Interest in inquiry-guided learning strategies can be linked to a larger, 

national call towards problem- and project-based learning approaches at the postsecondary 

level.2,4,5 Specifically, within the past two decades there has been a shift from problem-based 

learning within traditional, lecture, classroom structures to the integration of project- and inquiry-

based learning methods within dynamic, flexible spaces in an effort to increase student 

engagement.2,6,7 These student-centered learning methods foster a more engaging classroom 

environment that encourages students to become active contributors to their own learning.2 

Further, scholars posit that the learning that results from such methods better prepares students 

upon entering the workforce as such environments effectively expose students to the intricacies 

often present in evermore complex and dynamic professions.8   

The origins of inquiry-guided learning are traditionally affiliated with scientific inquiry.9 

Specifically, this approach to learning has been linked to the scientific research processes wherein 

students are exposed to the scientific method and encouraged to make evidence-based explanations 

derived from a process of posing questions, gathering and analyzing data, and constructing 

arguments based on these connections.9-11 Inquiry-guided learning (IGL) models are also based on 

the premises promoted by student-centered approaches that capitalize on teachers as facilitators of 

learning - rather than solely transmitters of knowledge - and students as active proponents of their 

learning processes.1,12,13 

Associated with epistemological foundations central to constructivism, inquiry-guided 

based approaches challenge students to engage in learning processes that are dictated by discovery, 

investigation, and the formation of connections between ideas.1,2,11 Within the literature, there exist 

various inquiry learning strategies that can be implemented and adjusted to fit the context of 

learning and the content of focus; however, the pith of this strategy lies with various characteristics 

that describe the approach: innovative driven, activity centered, process focused, and discovery 

driven.10 In the sphere of postsecondary education, the notion of inquiry-guided learning practices 

has been understood as a catalyst to promote various 21st Century Skills4,14 including critical 

thinking, problem-solving, lifelong learning, and student self-regulation practices.2   

Immersion, Pedagogy, and the Foundry   

Immersion within pedagogy is conceptualized as an experiential learning process that is 

aligned with the theoretical basis on which constructive thinking is founded.1,12  As students 

experience real-world processes, they are exposed to complex and ill-structured problems that are 

inherent with their social, historical, and economic context.11,12 When combined with inquiry-

guided approaches to learning, students are charged with navigating such complexity by 

formulating rational and innovative connections based on their previous experiences and new 

knowledge of the situation.1,13 Thus, the argument for immersions combined with inquiry-guided 

learning is the potential to expose students to various contexts and perspectives while expanding 

on the knowledge base from which experiential connections can be made.   
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The enhancement activities highlighted in this redesign therefore leverage the key 

theoretical elements that propel active- and inquiry-based learning strategies as effective 

techniques to promote student engagement and learning.  Specifically, these enhancement 

activities require students to engage in inquiry-guided approaches that develop problem 

identification, problem exploration, and problem solving from a practical and responsive approach 

while exposing them to the problems they might routinely encounter upon graduation and 

employment.3 By interacting with experts in both the classroom and in the field, while engaging 

in the innovation-driven strategies proposed through the Foundry, students are provided a broader 

perspective on how the course fundamentals apply in the real-world.1,2    

Redesigning the ChE Curriculum 

Motivation 

The rationale of the enhancement activities with the redesign of the ChE curriculum was 

to expand on the critical and creative thinking foundation provided by the Foundry model already 

being implemented in the courses selected.3 Preliminary observations of students enrolled in the 

ChE curriculum at TTU have revealed that students who return to the classroom after being 

immersed in industry experiences (i.e., external immersions) through co-op, internship, and other 

immersion opportunities15-17 provide leadership in identifying challenges for team projects as part 

of the Foundry-centered curriculum. 3 In addition to refined problem identification skills, student 

teams that include at least one member that has returned from a co-op or internship experience are 

preliminarily observed to also have a more refined solution method to the identified challenge than 

student teams that lack a member returned from co-op or internship experiences. 

 Based on these observations, a range of enhancement activities were envisioned to provide 

immersion-like experiences in the classroom setting to promote innovation via exposure to aspects 

of industry integrated into the Foundry platform.15-17 Introduction to real-world application of 

technical chemical engineering knowledge via the enhancement activities was intended to expose 

students gradually to different levels of guided inquiry and help them to develop skills necessary 

to become masters not only at providing a prototypic-centered solution to a given challenge but 

also to illustrate mastery of problem identification.3 Meant to utilize immersion as a way to 

enhance the iterative processes that student teams experience as part of the Foundry for these 

courses, the authors of this redesign presented a comprehensive, guided, pedagogical scaffolding 

approach to be executed across the three courses to help students improve the skills developed as 

a result of the implementation of the Foundry.3 This scaffolding is reflective of inquiry-guided 

learning and aligned with the aforementioned TTU QEP and with the student learning objectives 

in the courses.1,3,18  

 

Logistics of the Overall Redesign 

To enhance both initiatives, three courses (ChE 3111: Heat Transfer [Fall 2018]; ChE 

3121: Fluid Mechanics [Spring 2019]; ChE 4661: Biotransport Phenomena [Spring 2019]), core 

to the chemical engineering curriculum and taken sequentially in the junior and senior year, were 

redesigned to merge the common aspects of the QEP and the Foundry through funding provided 

by the former.  All three courses complement one another via content and through the incorporation 
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of the Foundry educational 

platform.3 Based on the notion that 

immersion experiences in industry 

help students better identify 

challenges in their field, the 

redesign incorporates a range of 

enhancement-like activities to the 

courses promoting innovation via 

exposure to aspects of industry that 

are integrated into the Foundry 

platform. Through a scaffolding 

approach, students gradually 

experience different levels of 

inquiry-guided pedagogy founded in 

the Foundry elements to help them 

develop skills necessary to not only 

provide a prototypic-centered 

solution to a given challenge but 

also a solution to a challenge they 

identify (Figure 1).3 This 

implementation provides insight to 

the way in which students engage 

with innovation-driven learning and 

make connections between past 

experiences, content knowledge, and their own perspectives to sculpt a challenge statement that 

will provide the basis for a prototypic-centered solution.  

 

Central Factors in the Redesign 

 Three central factors contributed to the conception of this redesign: the conceptualization 

of a holistic, T-Shaped Engineer; the innovative, pedagogical framework provided by the Foundry; 

and the university’s current QEP initiatives.  

 

The T-Shaped Engineer 

As industry changes with developed technology and often unpredictable client needs, the 

importance of developing individuals that possess both technical skills and cross-disciplinary 

interpersonal and transferable skills becomes imperative to the advancement of innovation in a 

globalized economy.14,19 The concept of a T-Shaped Engineer has been described as an engineer 

with deep technical content knowledge and skills that cut across multiple disciplines.19 Included 

in these transdisciplinary skills are the ability to communicate and work across disciplines, 

creativity, innovation, entrepreneurial mindset, and the ability to both find and solve problems, 

among many others.14,19 The encompassing of these skills by an individual trained in the technical 

knowledge of engineering produces a holistic engineer capable of meeting the demands of the 21st 

century workforce.4,14   

Figure 1 T-Shaped Engineer Model with Integrated ChE Curriculum Re-

Design and EDGE Enhancement Activities (EEAs) 
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The Foundry 

The Foundry is an interdisciplinary platform that promotes the development of a holistic 

type of engineering professional encompassing T-shaped skills embodying both content specific 

training and cross-disciplinary skills (e.g., creative and critical thinking, problem solving, 

communication, etc.).3,14,19 It is a product of the efforts of an interdisciplinary team of scholars – 

the Renaissance Foundry Research Group (RFRG) – that represent the fields of engineering, 

education, nursing, business, and interdisciplinary studies.3 The Foundry is also a central piece of 

the university’s overall Quality Enhancement Plan (QEP) directives that spearhead the efforts to 

advance student-centered active learning platforms across campus.3,15 Based on innovation-driven 

approaches to learning, the Foundry leverages two paradigms, knowledge acquisition and 

knowledge transfer, to engage students in an iterative learning process comprised of six steps that 

begin with the identification of a challenge related to the course content and finalizes with the 

development of innovative solutions that address this challenge (i.e., prototypes of innovative 

technology).  The platform is meant to be adaptive and has been implemented at course, program, 

and administrative levels. 

 

QEP Initiatives 

The QEP is a cyclical “five-year university initiative to improve the quality of student 

learning” by targeting the development of critical/creative thinking and real-world problem-

solving skills via active learning strategies.20 As noted, the Foundry has been a central piece of 

QEP-related initiatives for this university, in particular as part of a focus on active-based learning.  

For the current cycle, the focus is a promotion of inquiry-guided learning strategies that enhance 

problem identification, solution, and analysis skills that integrate critical and creative thinking 

skills within undergraduate courses, which in the case of the ChE course redesign leverages the 

theoretical foundations central to the Foundry.3 Further, the initiative provides funding via the 

Enhanced Discovery through Guided Exploration (EDGE) Creative Inquiry Curriculum Grant 

Program20 to faculty that incorporate creative inquiry projects and assignments into courses they 

select for redesign. The creative inquiry projects and assignments are then assessed against five 

student learning objectives as appropriate: 1) Students will effectively use digital information 

search tools, 2) Students will formulate a creative inquiry question or problem, 3) Students will 

explore a creative inquiry question or problem, 4) Students will create an original scholarly or 

creative learning project, and 5) Students will communicate their findings/creations/art/inventions 

in a discipline-appropriate manner.  

 

The Implementation of the Redesign in ChE 3111: Heat Transfer 

Immersion Activities in ChE3111: Heat Transfer 

For the first course in this redesign (ChE 3111: Heat Transfer [Fall 2018]) sixty-one 

students across two sections were introduced to immersion-like activities including, but not limited 

to: guest speakers representing different aspects of industry (e.g., powerplant, chemical production 

such as plastics and powders), training tutorials regarding various aspects of industry, problem 

solving, and entrepreneurial pursuits (e.g., COMSOL®, prototyping, etc.), industry simulations 

(e.g., virtual reality sessions), and “real-world” immersions such as industry observations (e.g., 
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inquiry guided field trips to various industry settings). Each immersion-like or “real-world” 

immersion activity is intended to provide a different perspective for students to be able to gain the 

highest impact over the entirety of the course while still gaining content knowledge via its 

integration with Foundry platform.3 For example, in the first iteration of the redesign, three 

speakers from various industries who spoke to relevant applications of heat transfer were invited 

to course as a part of the Knowledge Acquisition paradigm.3 While each of the three speakers 

spoke of heat exchangers and the various applications of heat exchanger types, students were also 

exposed to boilers and condensers to heat and cool the steam that powers campus activities, plate-

and-frame heat exchangers used in the process of developing specialty plastics, and furnaces used 

in an annealing process to develop specialty powders for automotive applications which would 

have otherwise been introduced as ambiguous applications of heat transfer concepts. Instead, 

students were able to see pictures that the speakers brought as visual aids for discussion, interact 

with leaders other than their instructor, and guide their learning through questions that targeted 

their own interests and previous experiences with the topics of the speakers’ discussion.  

Preliminary Observations from ChE 3111: Heat Transfer 

 Guest Speakers: Preliminary observations have revealed that student interest in the course 

topics is largely increased with the presence of the industry speakers as students have expressed 

appreciation of being able to visualize a real-world application of course topics. Students have 

noted that “heat transfer is extremely crucial to…industrial processes” and “the material we are 

learning in class [will] benefit us; understanding heat transfer is [an] important part of life.” A 

majority have indicated that they were able to identify connections between the speakers’ topics 

and the course content, and the discussions with industry leaders provided different perspectives 

of not only course topics applied in a real-world context, but also student understanding of the 

professional world.  

Modules and Training: In the pilot implementation of this redesigned curriculum, a tutorial 

of COMSOL® software applied to heat transfer topics was developed and deployed for the course. 

In this edition of implementation, the tutorial consisted of an out-of-class video assignment where 

students were envisioned to watch and/or follow along with a COMSOL® demonstration of an 

application related to lab course work. After the video assignment, students were tasked with a 

challenge in class to apply their recently-acquired knowledge of COMSOL® software to an 

example that was intended to provide connections between their understandings of heat transfer 

concepts with their knowledge of the software. Preliminary results of effectiveness of this tutorial 

were varied, with some students expressing a need for additional feedback to connect the computer 

software to the application while others found the software useful for visualizing the physical 

system for which the software was being used.    

 

Implications/Conclusions  

The first iteration of implementation of this new curriculum is still underway.  However, 

students are engaged with guest speakers’ topics, invigorated by the course redesign, and 

connected to the course material in ways which were not previously observed by students in the 

course before the curriculum redesign.  Further results will be analyzed in the closing weeks of the 

pilot semester and in future work.  
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