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Abstract 

The purpose of this contribution is to introduce an even more inclusive version of the 

Technological, Pedagogical, Content Knowledge (TPACK) Framework1,2 that integrates Space 

as a fourth component necessary for the promotion of innovation-driven learning. This version 

evolved from the lessons learned during a project by the Renaissance Foundry Research Group 

(RFRG) at Tennessee Technological University (TTU) with support from Steelcase, Inc. 

Through funding in the form of a Steelcase Active Learning Center grant designed to support 

development of active learning spaces, the RFRG developed a learning environment 

representative of the Renaissance Foundry Model (herein the Foundry).1  The outcomes of the 

efforts provide insights regarding the importance of integrating space along with technological 

resources and novel pedagogical approaches to improve student acquisition of content 

knowledge. Conception and implementation of the approach are discussed and illustrated.  
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Introduction  

The original Technological, Pedagogical, Content Knowledge (TPACK) framework was 

proposed as a model that integrates socio-techno-pedagogical-content knowledge for the 

development of effective learning environments.2,19  The purpose of this contribution is to 

introduce an even more inclusive version of the TPACK Framework1,2  that integrates Space as a 

fourth component necessary for the promotion of innovation-driven learning.  This version 

evolved from the lessons learned via the implementation of a Steelcase Active Learning Center 

(ALC) grant by the Renaissance Foundry Research Group (RFRG) at Tennessee Technological 

University (TTU).  The grant awarded to the university was selected during a highly competitive 

funding cycle in 2016.  A goal of such funding is to support academic institutions at the k16 

level in efforts to transform physical learning spaces into active learning environments.4  

Through these efforts, the RFRG sought to advance the implementation of innovation-driven 

pedagogy by integrating novel strategies that leverage integration of knowledge domains.  As 

part of this challenge, the RFRG had the opportunity to develop a space (now referred to as the 

Foundry Steelcase Active Learning Studio, SALS] designed to facilitate the implementation of 

the innovation-driven learning platform, the Renaissance Foundry (herein the Foundry), that it 

has been working to develop.3  In the following, we detail the process that led to the 

reconceptualization of the TPACK framework as delineated by our experiences in the creation, 

development, and use of the Foundry SALS.  We refer to this reconceptualization as TSPACK 

with the Space (S) component designating the role of the space as an equal factor within the 
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framework.  The outcomes of these efforts provide insights regarding the importance of 

integrating space along with technological resources and novel pedagogical approaches to 

improve student acquisition and transfer of content knowledge. Conception and implementation 

of the approach, including the benefits of use via faculty, student, and interdisciplinary research 

perspectives, is discussed and illustrated.  

 

Background 

Innovative Learning Spaces 

As the culture of postsecondary education shifts more towards active learning, discovery 

processes, and collaboration across disciplines, a space that fosters discussion and the exchange 

of ideas is invaluable to creating an active learning environment centered on the facilitation of 

such interaction.5,6,7,8 This argument is not new – rather, it has been the focus of discussion of 

various scholars focused on enhancing curricula and learning processes via the utilization of 

space as an essential component of innovative learning environments.5,6,9-11,12  Within academia 

content re-design that integrates active learning compels a shift from the traditional classroom 

space to one more readily embraced by Scott-Weber’s6  aforenoted description.  In two recent 

studies - one at the postsecondary level5 and another at the high school level13 - scholars utilized 

a Post-occupancy methodology to research student, teacher, and faculty perceptions of the 

impacts of physical space on overall engagement and learning outcomes.  The results were 

similar and indicate that physical environment does indeed matter with respect to student, 

teacher, and faculty engagement13,14 Further, Neill and Etheridge15 make the claim that in order to 

effectively support pedagogical innovation, the reevaluation of the physical space that is utilized 

as part of the curricular redesign is warranted to foster student engagement, collaboration, 

flexibility and overall learning.   

 

The Foundry Model 

Set within the current postsecondary push for the incorporation of active and inquiry 

based, student-centered learning approaches, the Foundry is a pedagogical platform that 

addresses these needs via the re-design of curricula founded on a powerful dynamic that fosters 

students critical and creative thinking skills.8,16 The Foundry was created by the RFRG - an 

interdisciplinary research team that incorporates the expertise of faculty members from various 

disciplines including Chemical Engineering, Education, Nursing, Business, and Interdisciplinary 

Studies.3,16  It is an innovation-driven pedagogical platform that incorporates two student-

centered learning paradigms (i.e., Knowledge Acquisition and Knowledge Transfer) in an 

iterative process that takes students through six-steps that culminate in the creation of a prototype 

of innovative technology.3 The primary objective of the Foundry as applied to Chemical 

Engineering courses at TTU is to promote the development of a holistic type of engineering 

professional that encompasses both content specific training and cross-disciplinary skills (e.g., 

creative and critical thinking, problem solving, communication, etc.) that are reflective of 

inquiry- and active-based approaches to learning.3,7,17,18  Due to the fluid and constant activity 

required by the Foundry as a pedagogical platform, we note that Space, and its effective 

utilization as a primary component of the learning process, is vital in assisting students to change 

the dynamic of their learning to a more student-centered, active learning environment.3,5,6  

 

Revising the TPACK Model to TSPACK 
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The original TPACK Framework acknowledges that three major components for the 

promotion of effective learning (i.e., Technology, Pedagogy, and Content Knowledge) must 

work as a cohesive whole within the curricular design, building on one another and not simply 

working in parallel.12 The model was initially proposed as a theoretical framework for 

knowledge used by teachers (or teacher trainers) to design a socio-techno-pedagogical-content 

centered learning environment.2,19 Three types of knowledge comprise the TPACK framework: 

pedagogical content knowledge (PCK), technological content knowledge (TCK), and 

technological pedagogical knowledge (TPK).1,20  These conceptualizations of new knowledge are 

reflective of the overlap between the three major constructs of this model.2,20 The premise of the 

framework therein posits that the integration of technology as essential to the advancement of 

pedagogy and content knowledge and technological knowledge will generate new, enhanced 

socio-techno-pedagogical student learning environments.2,19,21 

In subsequent versions of the framework, space has been identified as a fourth 

component; however, it is often depicted as an external element that never reaches the core 

intersections between technology, pedagogy, and content knowledge.22,23 In such models, space 

is not necessarily envisioned as an interactive element of the framework (see Figure 1).  In the 

revised four-dimensional model introduced in this work, we argue that the learning environment 

(i.e., the Space) is both enhanced and enhances the pedagogy, content, and use of technology via 

the Foundry platform to create an integrated innovative learning experience3,6.  This places Space 

on par with the previous central three elements of the TPACK framework and reconfigures the 

catalytic center for learning within the intersection of all four elements, rather than the 

aforementioned three (see Figure 2).  We thus argue that the use of Space in combination with 

the Foundry platform, collaborative learning content, and fully integrated technology provides a 

more in-depth learning experience than the traditional TPACK Framework.  In short, we have 

added a fourth dimension of knowledge to the framework centered around the role played by 

Space in student learning within an innovation-driven platform; this component is denoted 

simply as Space Knowledge. 

As noted, the Foundry provides a pedagogical framework that incorporates the three 

elements of the original TPACK Framework (i.e., Technology, Pedagogy, and Content 

Knowledge) by providing a strategy for delivering the content knowledge to students through 

innovative pedagogy and promotes technology not only through implementing technology in the 

classroom but also by tasking students with applying the Foundry to a course project to enhance 

their problem identification and problem-solving skills through the creation of a prototype of 

innovative technology.  Previous studies16,24,25 provide evidence that the Foundry effectively 
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Figure 2. Revised TSPACK Framework 

 

Figure 1. An Illustration of the Original 

TPACK Framework 



2019 ASEE Southeastern Section Conference 

© American Society for Engineering Education, 2019 

transforms content and pedagogy via a learning environment that leverages a strategy in which 

individuals, within groups, become primary problem identifiers and solvers in their quest to 

formulate a prototype of innovation as the proposed solution to the challenge initially identified.3  

Such a process not only requires active collaboration among individuals (e.g., through the Linear 

Engineering Sequences of the Foundry), but also movement - both physically among individuals 

as members of teams and cognitively via the active exchange of ideas - to make new connections 

that lead to the creation of a prototype of innovative technology.3    

 

The Foundry SALS 

The Steelcase Active Learning Studio (SALS) in the Department of Chemical 

Engineering (CHE) at TTU integrates space, technology, and the Foundry pedagogical platform 

to maximize student learning.3,4  With support from Steelcase and from TTU, the studio occupies 

a once-outdated space (780 ft2) that has been remodeled with new paint, carpeting, ceiling tiles, 

window treatments, and electrical connections.  It has also been resourced with mobile furniture 

and tools designed to facilitate active 

learning, including: six, flexible, half-

oval tables intended to be moved to 

adjust to team-based activities; 

rotating chairs designed to actively 

transform to facilitate team-based 

movements (e.g., individual rotation, 

change in altitude, and movement 

across the room); various storage bin 

stations placed to house a multitude 

of implementation tools necessary to 

explore topics via other mediums 

(e.g., items for experimentation, simulation, prototype design); a computational work station 

with projection capabilities to help assist with the distribution of ideas via an electronic medium; 

a smartboard interface to maintain active interaction with this electronic medium; and fixed, as 

well-as portable, dry erase boards designed to capture the exchange of team-based ideas to 

facilitate the interpretation and integration of the distinct, similar, and dissimilar elements of 

these interactions (Figure 3).  The studio comfortably accommodates 24 individuals with ample 

space and elemental tools to seamlessly shift between both individual and team-based activities.  

Due to its focus on collaboration and active learning, the Foundry SALS has been used 

extensively for educational activities, various meetings, and in outreach efforts. 

   

Illustrations of Use of the Room  

For Faculty 

From the faculty perspective, the Foundry SALS offers instructors the capability of 

transforming the learning environment into an essential part of the curricula by providing an 

avenue in which to engage in praxis-the incorporation of theory into practice.26 For example, a 

vital part of the Foundry centers on collaboration as a form of knowledge construction where 

students are making connections from previous knowledge acquisition and transferring the 

knowledge for a given application.3 In creating curricula for this purpose, student discussion is 

critical for such cognitive iteration to occur. Traditional classrooms, based on teacher-centered 

Figure 3. Design Concept of the Foundry SALS  
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strategies,5,6,15 limit student discussion and interaction as the typical layout physically silos 

students into individual spaces and creates barriers within the learning environment by not 

encouraging interaction. By eliminating the barriers to these student silos, the Foundry SALS 

places students in naturally-formed groups, which encourages the type of interaction fostered by 

the Foundry.3 Due to this formation, students have been observed to eventually take charge of 

their own learning in discussion through their peers instead of focusing solely on the ideas and 

knowledge of the instructor. This is also evidenced by the student perspective, illustrated below.  

 

For Students  

As one example, the Foundry SALS was used in the Spring 2018 semester as part of 

efforts to test a lateral thinking-focused pedagogy within the Foundry for developing problem 

solving skills in students enrolled in a senior-level, biomolecular engineering course.3,27  This 

pedagogical approach involved challenging student teams to identify a problem and to solve the 

problem using multiple techniques such as: 1) a thought exercises (i.e., thinking about the 

problem and proposing a solution); 2) an analytical solution methodology; 3) experimentation, 

and 4) simulation.  Students self-assembled into teams representing varying qualifications.  

Through their program of study, students were previously trained and familiar with the Foundry 

model. Preliminary observations from this semester reflect a highly effective integration and 

utilization of the space as reflected in the revised TSPACK framework.   

Key data points that support our preliminary observations are as follows. The lateral 

thinking pedagogical approach was modeled in the class/lab through technical problems which 

ranged in difficulty presented by the instructor.  Teams were then challenged to both 

propose/identify and solve these problems using a thought exercise and at least one other of the 

techniques described above.  The network capabilities within the SALS allowed students to 

develop experience in the use of the COMSOL® Multiphysics software (for simulations).  The 

Foundry SALS was also appropriate for thought exercises, development of analytical solutions, 

and completion of simple experiments.  Problem statements that were identified/developed 

ranged from modeling mass transport in the kidneys to heating of fluid traveling through the 

heart.  Three of eight teams used three of the problem-solving techniques that were emphasized 

by the instructor while the other five teams solved problems that they identified using two of the 

techniques mentioned.  Upon further refinement, the goal is that teams will be able to use all four 

techniques as we continue to learn to use the Foundry SALS. 

When asked to provide thoughts regarding which of the four problem solving approaches 

were most helpful, students in this course indicated that all four approaches were effective with 

thought exercises and simulation selected with a higher frequency (see Figure 4).   

Both approaches can be explored extremely well in the Foundry SALS.  For example, thought 

exercises can be more fully explored using the dry erase boards, prompts provided by the 

instructor, and reflections from students.  The ability to access software remotely while in the 

Foundry SALS also provides a robust portal through which simulations can be explored.  A 

significant amount of time was spent during the semester on this, and efforts will be pursued to 

further increase students’ interaction with the software to solve problems and to explore the 

effects of changes in the problem statement on a solution.  Finally, the analytical solution 

methodology can be completed effectively in the Foundry SALS, and experiments were 
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conducted there as well.  The results as indicated above were highly favorable, with comments 

indicating utility in all four approaches and suggestions also being made for improving the 

approach.  The ability to effectively leverage Space Knowledge as a new dimension of the 

framework is currently an ongoing area of exploration.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For Interdisciplinary Research 

The Foundry SALS room has also been effectively utilized as the primary space for the 

development of various educational and research proposals to enhance innovation-driven 

learning strategies.  Several interdisciplinary groups at TTU use this room as an environment 

conducive to brainstorming, exchanging ideas, and collaborating on these multi-faceted projects.  

As these groups are interdisciplinary in nature, it is necessary to transcend disciplinary 

boundaries through effective communication strategies for the development of new ideas6,15. The 

inflexibility of a traditional classroom layout would not easily facilitate the type of 

communication and active learning experiences necessary for a collaborative project of this 

nature to develop organically.5,6 As the Foundry is based on team collaboration, the Foundry 

SALS is an ideal space for such implementation.3  For example, the room is a catalyst for 

fostering the identification and exchange of ideas at the nascent stages of these projects, through 

the use the technology that is available in this space including: the portable, individual 

whiteboards, the smartboard, and the round tables that facilitate the conversation with different 

members of the groups. 

 

Implications and Future Work 

The purpose of this work was to provide background and detail the process of our 

reconceptualization of the TPACK framework from lessons learned from the design, creation, 

and utilization of the Foundry SALS.  Based on our experiences and observations, we posit that 

wherein the Foundry platform provides a framework in which to develop the curriculum and 

activities around this type of interaction, the Foundry SALS provides for the effective delivery of 

this interactive content.3  In future uses of the space, we will continue to explore additional ways 

to enhance the use of space as part of the TSPACK framework.   

 

Figure 1 Frequency of responses regarding the   Figure 4. 
Student and Research 

 

   

     

 
Figure 4. Frequency of responses regarding the most 

helpful problem-solving techniques 

Figure 5. Student and Research use of the 

Foundry SALS 



2019 ASEE Southeastern Section Conference 

© American Society for Engineering Education, 2019 

References 

1. Mishra P, Koehler MJ. Technological pedagogical content knowledge: A framework for teacher knowledge. 

Teachers College Record. 2006;108(6):1017-1054. https://search.proquest.com/docview/211355429. doi: 

10.1111/j.1467-9620.2006.00684.x. 

2. Koehler M, Mishra P. What is technological pedagogical content knowledge (TPACK)? Contemporary issues in 

technology and teacher education. 2009;9(1):60-70. 

3. Arce PE, Sanders JR, Arce-Trigatti A, et al. The renaissance foundry: A powerful learning and thinking system to 

develop the 21st century engineer. Critical Conversations in Higher Education. 2015;1(2):176-202. 

https://www.asee.org/documents/conferences/annual/2016/Zone2_Best_Paper.pdf. 

4. Steelcase. Support for solving problems four ways. 2018. 

5. Scott-Webber L. The story of verb™: Innovative design fit for education’s 21st century learning needs. 

International Journal of Designs for Learning. 2013;4(2). doi: 10.14434/ijdl.v4i2.3964. 

6. Scott-Webber L. In sync: Environmental behavior research and the design of learning spaces. United States: 

2004. http://catalog.hathitrust.org/Record/004966112. 

7. Lee VS. What is inquiry‐guided learning? New Directions for Teaching and Learning. 2012;2012(129):5-14. 

https://onlinelibrary.wiley.com/doi/abs/10.1002/tl.20002. doi: 10.1002/tl.20002. 

8. Felder R, Brent R. Teaching and learning STEM: A practical guide. John Wiley & Sons; 2016. 

9. Appleton JJ, Christenson SL, Furlong MJ. Student engagement with school: Critical conceptual and 

methodological issues of the construct. Psychology in the Schools. 2008;45(5):369-386. 

https://onlinelibrary.wiley.com/doi/abs/10.1002/pits.20303. doi: 10.1002/pits.20303. 

10. Van Note Chism N, Bickford DJ. Improving the environment for learning: An expanded agenda. New Directions 

for Teaching and Learning. 2002;2002(92):91-98. https://onlinelibrary.wiley.com/doi/abs/10.1002/tl.83. doi: 

10.1002/tl.83. 

11. Kumar R, O'Malley PM, Johnston LD. Association between physical environment of secondary schools and 

student problem behavior. Environment and Behavior. 2008;40(4):455-486. 

https://journals.sagepub.com/doi/full/10.1177/0013916506293987. doi: 10.1177/0013916506293987. 

12. Jones R. Strengthening student engagement. International Center for Leadership in Education. 2008;1. 

13. Scott-Webber L, Konyndyk R, French R, French J. Significant results . space makes a difference increasing 

student academic engagement levels. European Scientific Journal. 2018;14(16). doi: 10.19044/esj.2018.v14n16p61. 

14. Scott-Webber L, Strickland A, Kapitula LR. Built environments impact behaviors: Results of an active learning 

post-occupancy evaluation: The study shows that rigorous research methods embedded in the design of product and 

contextual solutions result in measurable improvements. Planning for Higher Education. 2013;42(1):28. 

15. Neill S, Etheridge R. Flexible learning spaces: The integration of pedagogy, physical design, and instructional 

technology. Marketing Education Review. 2008;18(1):47-53. 

http://www.tandfonline.com/doi/abs/10.1080/10528008.2008.11489024. doi: 10.1080/10528008.2008.11489024. 

https://search.proquest.com/docview/211355429
https://www.asee.org/documents/conferences/annual/2016/Zone2_Best_Paper.pdf
http://catalog.hathitrust.org/Record/004966112
https://onlinelibrary.wiley.com/doi/abs/10.1002/tl.20002
https://onlinelibrary.wiley.com/doi/abs/10.1002/pits.20303
https://onlinelibrary.wiley.com/doi/abs/10.1002/tl.83
https://journals.sagepub.com/doi/full/10.1177/0013916506293987
http://www.tandfonline.com/doi/abs/10.1080/10528008.2008.11489024


2019 ASEE Southeastern Section Conference 

© American Society for Engineering Education, 2019 

16. Sanders R, Geist M. Development and implementation of an interdisciplinary course at the interface of chemical 

engineering and nursing.&nbsp; Proceedings of the American Society of Engineering Education. 2016. 

17. Oskam IF. T-shaped engineers for interdisciplinary innovation: An attractive perspective for young people as 

well as a must for innovative organisations. . 2009. 

18. Grasso D, Burkins M. Beyond technology: The holistic advantage. In: Holistic engineering education. 1st ed. 

New York, NY: Springer New York; 2010:1-10. 10.1007/978-1-4419-1393-7_1. 

19. Wong L, Chai CS, Zhang X, King RB. Employing the TPACK framework for researcher-teacher co-design of a 

mobile-assisted seamless language learning environment. TLT. 2015;8(1):31-42. 

https://ieeexplore.ieee.org/document/6895160. doi: 10.1109/TLT.2014.2354038. 

20. Linton JN. TPACK as a framework for collaborative inquiry in the learning commons. Teacher Librarian. 

2012;40(1):25. https://search.proquest.com/docview/1115270091. 

21. Stuthe J. Strengthening student engagement. Chemistry in Australia. 2015(Oct 2015):4. 

https://search.informit.com.au/documentSummary;dn=532236321434956;res=IELAPA. 

22. Crompton H. Preparing teachers to use technology effectively using the technological, pedagogical, content 

knowledge (tpack) framework. . 2015. 

https://www.openaire.eu/search/publication?articleId=dedup_wf_001::7bc8d081a5114114465da0013de72c4b. 

23. Swallow M, Olofson M. Contextual understandings in the TPACK framework. Journal of Research on 

Technology in Education. 2017;49(3/4):228-244. 

24. Bocci M, Sanders JR, Arce PE. Work in progress: Increasing student knowledge acquisition and transfer through 

the use of heuristics in a team/lab-based protein engineering course. . 2017. 

25. Geist M, Sanders R, Harris K, Arce-Trigatti A, Hitchcock-Cass C. Clinical immersion: An approach for 

fostering cross-disciplinary communication and innovation in nursing and engineering students. Nurse Educator. 

2018. 

26. Hytten K, Bettez SC. Understanding education for social justice. Educational Foundations. 2011;25(1-2):7. 

https://search.proquest.com/docview/863830695. 

27. De Bono E, Zimbalist E. Lateral thinking. Viking; 2010. 

 

Andrea Arce-Trigatti 

Andrea Arce-Trigatti holds a Ph.D. in Education with a Learning Environments and Educational 

Studies concentration from the University of Tennessee, Knoxville. She is currently on the 

Faculty in the Department of Curriculum and Instruction at Tennessee Technological University. 

Her research centers on cultural studies in education, issues in multicultural education, and 

collaborative learning strategies.  As a founding member of the Renaissance Foundry Research 

Group, she has helped to develop and investigate the pedagogical techniques utilized to enhance 

critical and creative thinking at interdisciplinary interfaces.   

 

 

 

https://ieeexplore.ieee.org/document/6895160
https://search.proquest.com/docview/1115270091
https://search.informit.com.au/documentSummary;dn=532236321434956;res=IELAPA
https://www.openaire.eu/search/publication?articleId=dedup_wf_001::7bc8d081a5114114465da0013de72c4b
https://search.proquest.com/docview/863830695


2019 ASEE Southeastern Section Conference 

© American Society for Engineering Education, 2019 

Stephanie N. Jorgensen 

Stephanie N. Jorgensen holds a Ph. D. in Engineering with a Chemical Engineering 

concentration from Tennessee Technological University (TTU). She is currently on the Faculty 

in the TTU Department of Chemical Engineering. Her research interests focus on engineering 

education as well as the development and validation of mathematical and physical models for 

better understanding of species transport through healing wounds and predicting the effects of 

facilitated wound closure techniques (e.g., suturing, etc.) on resultant scarring. She is currently a 

contributing research member of the Renaissance Foundry Research Group.   

 

J. Robby Sanders 

J. Robby Sanders is the holder of M.S. and Ph.D. degrees in biomedical engineering from 

Vanderbilt University and a B.S. degree in mechanical engineering from Tennessee 

Technological University.  He is currently on the Faculty in the TTU Department of Chemical 

Engineering. His research interests include engineering education at disciplinary interfaces and 

general areas of transport phenomena with applications in clinical diagnostics, soft gel materials, 

and wound healing. He is a founding member of the Renaissance Foundry Research Group that 

received the Thomas C. Evans Instructional Paper Award from the ASEE-Southeast Section in 

2014 and the ASEE Zone II Best Paper Award in 2015. 

 

Hunter Kaller 

Hunter Kaller is currently serving as the Manager of Learning Spaces at Tennessee 

Technological University.  He is responsible for handling space and technology requirements for 

student learning at this institution and has been a collaborator and consultant to the Renaissance 

Foundry Research Group. 

 

Pedro E. Arce 

Pedro E. Arce holds M.S. and Ph.D. degrees in chemical engineering from Purdue University 

and a Diploma in Chemical Engineering from the Universidad Nacional del Litoral, Santa Fe, 

Argentina. He is Professor and Chairperson in the TTU Department of Chemical Engineering 

and a University Distinguished Faculty Fellow. His research interests include engineering 

education incorporating high performance learning environments and projects in nano-structured 

hydrogels and a variety of catalytic systems.  He is a founding member of the Renaissance 

Foundry Research Group that received the Thomas C. Evans Instructional Paper Award from the 

ASEE-Southeast Section in 2014 and the ASEE Zone II Best Paper Award in 2015. 


