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Abstract: This paper describes our interdisciplinary collaboration to design an introductory 

educational module in the domain of biogeotechnical engineering. We detail various elements of 

the collaboration as the engineering and education members developed the instructional material 

and assessments. In addition, we report the preliminary results of a small group pilot as we 

presented the module in one freshman civil engineering class. Overall, the student feedback was 

positive suggesting the importance of contextualization for effective delivery and engagement. 

  

 

Introduction 
 

 The current work describes elements of interdisciplinary collaboration as we designed and developed an 

introductory module on biogeotechnical engineering for freshman undergraduate students. This study is part of an 

education program at the Center for Bio-mediated and Bio-inspired Geotechnics (CBBG), a National Science 

Foundation (NSF)-funded Engineering Research Center (ERC), established as a consortium of four universities in 

the emerging field of biogeotechnics. Biogeotechnics is a sub-discipline of geotechnical engineering that studies 

processes and reactions found in nature and uses this knowledge to help address challenges in geotechnical 

engineering. Essentially, biogeotechnics involves applying nature-inspired and bio-mediated solutions for the 

development of sustainable infrastructure systems. The field of biogeotechnics is inherently interdisciplinary and 

involves geotechnical engineers, geochemists, microbiologists, ecologists, geologists, and other disciplinary experts 

working together. The CBBG education, outreach, and diversity team is structured such that engineering faculty, or 

subject matter experts, work together with education faculty, educational technologists, and assessment experts to 

develop a full suite of educational materials, outreach and diversity strategies, and activities from K-12 levels to 

undergraduate, graduate, postdoc and working engineers (Savenye et al., 2016).  

 

Undergraduate civil engineering courses need effective approaches of integrating sustainability concepts 

for engineering applications (Abdul-Wahab, Abdulraheem, & Hutchinson, 2003; Burian, 2010). Additionally, a 

recent “Status of the Geoscience Workforce” report alerted academicians, researchers, and managers about a 

shortfall of approximately 90,000 geoscientists and geotechnical engineers by the year 2022 (Gonzales & Keane, 

2016). Putting the onus on academic institutions, the report calls for creation of a relatively larger and steady 

pipeline of students into geotechnics specialty areas.  In addition, a recent survey of U.S. geotechnical faculty 

highlighted the need to introduce new specialization fields within engineering disciplines at the undergraduate level, 

suggesting that the early exposure will pique student interest in emerging fields and shore up the student pipeline 

(Ornelas et al., 2013).  

 

As a growing body of research is being carried out in the field of biogeotechnics and as biogeotechnical 

methods will soon find their way into practice, there is a need to disseminate this cutting-edge, innovative research 

to student populations in a manner that they can easily relate to through the contextual knowledge of their natural 

world. Thus, with the ultimate goal of motivating and educating young people from all backgrounds to learn about, 

become interested in, and consider careers in biogeotechnical engineering, we developed and tested a one-lesson 

module on biogeotechnical engineering that can be used in freshman introductory engineering courses. The 

challenge we faced was threefold: 1) The material we developed had to be integrated into the existing, already 

overloaded undergraduate engineering curriculum, 2) the material had to be compatible for use at other institutions 

across the nation, and 3) the material had to be technical, while addressing the socio-cultural aspects of education. 

 



 

 

 

Elements of Interdisciplinary Collaboration 

  
 In order to meet these challenges, an interdisciplinary team of education and engineering experts was 

formed. Our team comprised of five primary members:  a) The CBBG Deputy Director, a faculty member in the 

School of Sustainable Engineering and the Built Environment, b) the CBBG Education Director, a faculty member 

from the Teachers College, c) the CBBG Education Coordinator, an instructional designer, and d) two graduate 

students, one from engineering and one from education. Additionally, members of the broader education team and 

the Center’s Curriculum Committee were involved in the review process. The team began collaboration on this 

project in Summer, 2016 with a plan to run a field trial in Fall, 2016. Weekly meetings were conducted to maintain 

our focus on learning objectives, design framework, and logistics of the evaluation. The following sections describe 

the collaborative process at each step of the project. 

 

Scoping the Project 

 

 As a first step, it was important for every team member to understand the ultimate purpose of the module: 

to arouse interest in the field of biogeotechnics among freshman civil engineering students. We discussed the 

operational details such as delivery method (web based, in class, or hybrid), whether to include a lab component, the 

length of instructional session, and the selection of the freshman course for the effective integration of the module. 

The engineering faculty explained that they wanted to present foundational concepts of biogeotechnics and a few 

examples of biogeotechnical applications to real world problems. The underlying idea was to create a culture of 

research at the undergraduate level and to motivate students to think differently. Finally, we decided to develop an 

in-class, one-lesson module that stressed the multi-disciplinary nature of biogeotechnical engineering, the 

opportunities for discovery, as well as future research and career options that may contribute to sustainable 

infrastructure development. The formal instructional goals were as follows: 

1) Introduce the field of biogeotechnical engineering including where it fits in the engineering hierarchy, its 

main principle, and its multi-disciplinary nature. 

2) Enhance students’ understanding of sustainability in engineering applications and provide examples and 

definitions for both bio-mediated and bio-inspired processes. 

3) Present opportunities available in the field of biogeotechnics both as an undergraduate and upon graduation 

in order to create a positive attitude/outlook towards biogeotechnical research and careers. 

 

Gathering and Organizing Content 

 
 It was important for the education team to understand the target population of freshman civil engineering 

students and the instructional context of the civil engineering classroom. A member of the education team 

interviewed one of the civil engineering faculty to collect this information. Many of the incoming engineering 

students are not sure which discipline they will pursue and, therefore, are looking for a ‘right fit’ within the field of 

engineering. Additionally, many incoming students who are interested in civil engineering are focused upon the 

more common sub-disciplines of structural and environmental engineering and know little, if anything, about 

geotechnics as a sub-discipline.    

 

 At the CBBG, there is a Student Leadership Council (SLC) composed of undergraduate and graduate 

students from diverse groups and disciplines across the four partner universities. With the help of the education 

team, SLC members previously developed and presented nine webinars during summer-2016 program for K-14 

teachers, undergraduates, and high school students. These webinars provided the needed basis for the education 

team to create the technical content of the instructional module. In addition, the engineering team shared two videos 

and several presentations, so that the education members of the team could gain a working understanding of the 

engineering content. Thus, with instructional goals and technical content on hand, two members of the education 

team created an outline of the module that was approved by the rest of the team.  

 
Design and Development 

 

 The module was designed following the 4c/ID model (van Merriënboer & Kirschner, 2012) along with 

Merrill’s first five principles of instruction (Merrill, 2007) to effectively blend constructivist and cognitivist 

approaches in the instructional design. The team engaged in meaningful dialog throughout the iterative process of 



 

 

 

design and development. The education student prepared the instructional slides for the module and the engineering 

faculty interpreted the subject matter. The education faculty suggested teaching and practice activities to engage 

students, and the instructional designer led the effort to create learning objectives, sequence the learning activities, 

and obtain copyright permissions. Our interdisciplinary collaboration transcended the team boundaries when the 

CBBG Industry Liaison officer (ILO) was consulted for information on career pathways and internship opportunities 

for undergraduate students in the field of biogeotechnics. The Director of the CBBG not only reviewed and added to 

the material but offered to deliver the module for a small group pilot and field trials. 

 

 We used a combination of direct instruction, multi-media and small group activities in the instructional 

slides. These slides covered technical topics such as the importance of nature and sustainability in engineering 

applications, fundamental principles behind biogeotechnics, overview of bio-inspired and bio-mediated geotechnical 

processes, and the inherent multi-disciplinary nature of the field of biogeotechnical engineering.  Moreover, in order 

to support student interest and motivation, six informative slides were prepared, with help from the ILO, that 

focused on the geotechnical career trends and CBBG’s partner industrial companies where students could intern or 

find placement. Figure 1 shows two sample slides from the module, one with technical content and another with 

career information. Instructor notes were added below all the slides not only to provide brief information about each 

slide but also to guide instructors on the content to explore under each slide and how to conduct some of the group 

activities. These notes were reviewed by all the members of the team including the ILO and the Director of the 

CBBG. 

 

 
Figure 1: Sample slides of the module 

 Next, the team engaged collaboratively to create pre- and post-assessment instruments. The engineering 

faculty guided the writing of the technical questions and the education faculty helped create the attitude and 

formative evaluation questions. After a detailed review from each member of the team, the instruments were 

transferred online for ease of dissemination. With all the components of the instructional delivery in place, a try-out 

session was conducted as part of the formative evaluation at the monthly meeting of the student chapter of the 

American Society of Civil Engineers Geo-Institute at our university, a mixed group of undergraduate, graduate and 

post-doc students interested in geotechnical engineering. As a result of this tryout, some of the assessment questions 

were modified for better specificity and accuracy. Time spans of various instructional activities were measured in 

order to incorporate timing guidelines in the instructor notes. 

 

 

Results 

 
 The formal small group pilot test took place on November 2, 2016 in one freshman class at a major U.S. 

university leading the CBBG ERC. The course selected was a required introduction to engineering course, geared 

toward exposing freshman students to problem solving and sustainability challenges. This course was also a good fit 

as it aimed to impart value of taking an interdisciplinary perspective and engaging in research activities using course 

discussions, assignments and guest lectures. The Director of the CBBG delivered the module and administered the 

pre- and post-assessments during the 50 minutes of allotted class-time. The audience included 16 civil engineering 

students (13 male), one teaching assistant and the members of the interdisciplinary design team. The design team 



 

 

 

members observed the instructional delivery and took field notes. All 16 students voluntarily participated in the pre-

survey, however, only 10 students took the post-survey. The assessments focused on 1) students’ knowledge gain, 2) 

attitudes regarding the field of biogeotechnics, and 3) the effectiveness of the instructional delivery and materials. 

 

 To understand the change in knowledge, the same 10 technical questions were administered twice, before 

and after the instructional delivery. Questions one through eight were multiple choice and the remaining two 

questions were open-ended, which were graded with the help of a rubric. Due to lack of space, the actual assessment 

questions are not included in this paper. Figure 2 shows the summary of the pre and post performances on the 

individual technical questions.  Overall performance of the 16 participants across the 10-item knowledge pre-survey 

was 37.25% and for 10 participants on the post-survey was 64.22%, with a 72% overall gain in knowledge score.  

 

 
Figure 2: Pre and post Average Knowledge Scores 

 On the post assessment, students were asked to indicate their agreement or disagreement (five-point scale) 

with statements demonstrating their attitude toward biogeotechnical engineering (Fig. 3). Students demonstrated a 

positive attitude toward the field of biogeotechnical engineering, indicating above average interest in taking 

additional classes in biogeotechnics, pursuing undergraduate research and biogeotechnical careers. To assess the 

effectiveness of the instructional materials and the presentation, we asked participants to indicate their agreement or 

disagreement (five-point scale) on three items as shown in Fig. 4. The overall presentation was rated “Good” on a 

five-point scale of poor, fair, okay, good and excellent. When asked to indicate their comfort level with the amount 

of information presented, 80% of the students indicated that the information presented was just right (Fig 5). 

 

 
Figure 3: Attitude scores on post assessment 
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 Figure 4: Evaluation of Instructional materials   Figure 5: Evaluation of content 

 

 On the open-ended question which asked about the best part of the presentation, the answers varied from 

visuals to examples to videos. We found that the contextual and personal references that the instructor provided 

while explaining the slides (e.g., a video of ants tunneling in sand was developed by a former colleague of the 

instructor and an image of bio-cementation with bacteria was taken from a research paper published by a CBBG 

researcher) not only engaged the students but also provided authenticity and credibility to the instructional material. 

One student wrote, “I like the examples given, and how the sources, like the ants video were from someone the 

professor knew.” Overall, the student feedback suggested that the material presented was just right for the freshman 

class as indicated by this response from a student, “In the presentation, I liked the quick overview of the overall field 

without being too overwhelming.” When asked about suggestions for improvements, one student indicated that s/he 

would have liked to see more videos. 

 

 We acknowledge that due to limited time allotted for the freshman class session (50 minutes), we could not 

conduct a more in-depth evaluation. Given the modest number of participants for the small group trial, these results 

cannot be generalized and need to be interpreted in context. 

 

Revisions 

 

 As a result of this small group pilot, we realized that depending on the students’ involvement and 

instructor’s enthusiasm, the session with pre and post assessments could take well over an hour. In order to 

accommodate varying time lengths, we created a one-page instructor handout outlining suggested time schedule and 

slides or activities that could be skipped without diminishing the content in case of time constraints. With the 

positive feedback on images and students’ interest in pictures, we changed some general images of dams and 

buildings to specific images that had interesting information for students to relate to. Some of the examples include, 

the Teton earthen dam failure in 1976 and a 2001 landslide in El Salvador.  We also added some interesting facts 

about each image in the instructor notes for a more engaging lecture, such as, “The second picture shows soil 

liquefaction on roads during 2011 earthquake in New Zealand. The liquefaction in this moderate earthquake 

damaged over 100.000 modern homes, including 15,000 beyond repair, and caused over $10 billion dollars in 

damage.” Other minor changes included: a) changing animation on the video to provide the control to the presenter 

so that they could introduce the video to the audience and b) moving the informative slide on future research and 

elective course options in biogeotechnical engineering toward the end for better flow and lasting impact.  

  

 

Future Plans and Conclusion 

 
After this small group pilot and minor revision of the materials, we conducted two additional field trials in 

larger freshman classes. We are in the process of analyzing the results and will report them in the near future. After 

the successful trials at one university and completion of the review by the Curriculum Committee at the ERC, we 

plan to distribute the instructional materials to CBBG’s three other partner universities in 2017 and subsequently 

post them on-line for broader distribution nationwide. 

 Although this collaborative lecture development was a departure from how traditionally engineering faculty 

would design and develop their lecture materials, it was found to be a beneficial approach. We attribute the success 
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to two key elements: 1) The team members were clear on their roles and understood the expectations and 

responsibilities of other team members and 2) the team worked closely, in the same physical space, maintaining 

regular and clear communication on the status of the project.  

 

There is still much work to be done in the area of developing curriculum across disciplinary boundaries. 

Collaborative, interdisciplinary teams of engineers and educators to develop engineering education materials are as 

yet uncommon and therefore research examining the practices of interdisciplinary design in this context is limited 

(Borrego & Newswander, 2008). We anticipate contribution from this study toward longitudinal research in 

understanding best practices of interdisciplinary approaches of developing engineering instruction.  
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