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Abstract 54 

This paper reports the impact of COVID-19 on the practice and delivery of geotechnical and 55 

geoenvironmental engineering (GGE) education modules including lectures, lab sessions, 56 

student assessments, and research activities based on the feedback from faculty members in 14 57 

countries/regions around the world. Faculty members have since adopted a series of contingent 58 

measures to enhance teaching and learning experience during the pandemic, which includes 59 

facilitating active learning, exploring new teaching content related to public health, expanding 60 

e-learning resources, implementing more engaged and student-centered assessment, and 61 

delivering high-impact integrated education and research. The key challenge faculty members 62 

are facing appears to be how to maximize the flexibility of learning and meet physical 63 

distancing requirements without compromising learning outcome, education equity, and 64 

interpersonal interactions in the traditional face-to-face teaching. Despite the challenges 65 

imposed by the pandemic, this could also be a good opportunity for faculty members obliged 66 

to lecture to rethink and revise existing contents and approaches of professing GGE education. 67 

Three future opportunities including smart learning, flipped learning, and interdisciplinary 68 

education are identified. The changes could potentially provide students with a more resilient, 69 

engaged, interactive, and technology-based learning environment.  70 

 71 

Keywords: Geotechnical Engineering; Geoenvironment; Public Policy  72 
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Introduction 73 

      The spread of the deadly infectious Severe Acute Respiratory Syndrome Coronavirus 2 74 

(SARS-CoV-2) has led to the outbreak of Novel Coronavirus Disease (COVID-19) starting 75 

from the end of 2019. It has since become unstoppable and soon reached pandemic proportions 76 

by March 12, 2020. As of December 6, 2020, there are over 65.8 million reported cases and 77 

1.5 million deaths globally since the start of the pandemic (WHO 2020). Americas and Europe 78 

are the hardest hit regions, which account for 42.6% and 30.3% of all global cases as of 79 

December 6, 2020. The COVID-19 has affected almost every aspects of our daily life, with 80 

healthcare, business, education, and travel the most severely disrupted. As noted by Semaan 81 

(2020), “we are in a chronic state of flux situated between our past experiences and an 82 

uncertain future ... They require that a lot of our attention and mental energy be spent on 83 

adjusting and re-negotiating critical aspects of our lives”.      84 

      The COVID-19 has caused most governments to temporarily close schools, colleges, and 85 

universities around the world. According to UNESCO, as of May 31, 2020, more than 1.1 86 

billion students or learners are affected by temporary shutdown, which account for 69.4% of 87 

total enrolled students and learners. More than 150 countries, territories or areas are imposing 88 

nationwide closure of educational institutions, enforcing students to leave campus. Adverse 89 

social and economic consequences are being felt across communities, including interrupted 90 

learning, confusion and stress for teachers, parents unprepared for distance and home schooling, 91 

social isolation, gaps in childcare, rise in dropout rate, etc.  92 

      As faculty members in higher education institutions teaching and pursuing research in 93 

geotechnical and geoenvironmental engineering (GGE), we face even more challenges owing 94 

to the uniqueness of this discipline. The GGE for long has been often viewed by students as 95 

one of the least glamorous disciplines in civil engineering. Students are often found it difficult 96 

to explicitly understand the importance of subsurface conditions for constructing highway 97 
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systems or building skyscrapers. In addition, large uncertainties in GGE can easily confuse and 98 

upset students as compared with other more prescribed disciplines (Wirth et al. 2017). The 99 

implicitness and uncertainty of GGE, when delivered in the traditional chalk-and-talk lecture 100 

style, have already made many students, even in normal time, conclude that learning soil 101 

mechanics, foundation engineering, and geoenvironmental engineering is boring, if not 102 

outdated. Facing the outbreak of COVID-19, most courses, including GGE now have to be 103 

taught remotely. Considering the nature of online teaching and learning, lecturers and students 104 

are facing even more challenges such as inability to augment lectures with interactive 105 

classroom activities and first-hand demonstrations. Moreover, an essential part of GGE courses, 106 

especially at the undergraduate level, is laboratory and field sessions in which students conduct 107 

in-person a series of experiments and data collection. Laboratory sessions are usually the best 108 

chance to improve participation, increase engagement, and engender interests among students. 109 

Unfortunately, COVID-19 has unavoidably led to the cancellation of laboratory and field 110 

sessions in most universities and colleges. 111 

      Undergraduate and graduate courses are not the only aspects of GGE education that have 112 

been affected by COVID-19. The supervision of research students, including Ph.D., Master, 113 

and undergraduate students, is also being disrupted by the pandemic. In particular, the closure 114 

of research laboratories and core facilities is severely delaying the students’ progress towards 115 

accomplishing their goals, especially for those whose work is experimentally-based. Under 116 

such circumstance, the biggest responsibility of supervisors and advisors is to find how to 117 

adjust research strategies so as to help students keep up their progress. 118 

      Although traditional GGE education is being significantly reshaped with unprecedented 119 

challenges emerging during the COVID-19 pandemic, this could also be a good opportunity 120 

for the GGE faculty to rethink and revise existing teaching content and approaches that have 121 

been conventionally followed.  122 
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      In this paper, faculty members from 14 countries/regions around the world have discussed 123 

in detail the disruption to GGE education during the COVID-19 pandemic as well as 124 

implemented contingent measures. Meanwhile, future opportunities are also identified which 125 

could potentially provide students with a more resilient, engaged, interactive, and technology-126 

based learning environment. 127 

 128 

Challenges to the GGE Education in Universities around the World 129 

     The outbreak of COVID-19 has significantly disrupted GGE education around the world, 130 

especially in terms of lecture delivery, student assessment, laboratory sessions, and research 131 

activities. The disruption varies in countries and regions depending on the severity of disease 132 

spread as well as control methods imposed by the local corporation and the government.  133 

      With the feedbacks based on GGE faculty members from 19 universities in 14 countries 134 

and regions (Fig. 1), the specific challenges they are facing, and their immediate responses are 135 

ranked in terms of popularity, as shown in Fig. 2. Overall, the challenge, as concurred by the 136 

faculty members, is how to maximize flexibility of learning and meet social distancing 137 

requirements without compromising learning outcome, education equity, and interpersonal 138 

interactions in the traditional face-to-face education mode.  139 

 140 

Lecture Delivery  141 

      In response to the COVID-19 outbreak, most universities around the world switch in-person 142 

lectures to online only or hybrid mode. This is evidenced in all 19 universities from which the 143 

authors come from. While efforts have been reported previously regarding how to create a fully 144 

online version of GGE courses (Pantazidou and Kandris 2016), challenges are still apparent 145 

during the pandemic with the abrupt change for both students, teachers, and administrators. 146 

From the students’ perspective, the availability of internet connections for the online lecture is 147 
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a big concern. Apparently, not all students have access to the internet for synchronous online 148 

lectures and this situation is worse in less developed countries and regions. Moreover, a lack 149 

of interpersonal communication during the online learning mode could easily discourage 150 

students from learning a certain GGE course. The student-teacher in-person interactions during 151 

office hours, laboratory sessions, field trip, or even casual time are important to shape students’ 152 

perspective about GGE and unfortunately these are largely missing during online learning. 153 

From the teachers’ perspective, how to fulfill intact learning outcome through online teaching 154 

is no doubt the biggest challenge. The cancellation of interactive demonstrations, laboratory 155 

sessions, field trip, student group work, in-person presentation, and debates is very likely to 156 

compromise learning outcome of a GGE course. For instance, for a typical environmental 157 

geotechnics course which covers environmental laws and regulations, waste materials and 158 

geotechnical engineering applications, geotechnical management of municipal, industrial, 159 

mine and nuclear wastes, the visit to a landfill or mining site is critical for students to have a 160 

sense of the scope of geoenvironmental problems in the real world. In-person student group 161 

design assignment is also essential for them to have first-hand experience regarding the design 162 

of a geoenvironmental facility such as landfill. In addition to the difficulty to achieve learning 163 

outcome, teachers also face technical challenges such as how to deliver contents with heavy 164 

mathematical derivations. For instance, a geoenvironmental course related to contaminant 165 

transport involves the derivation of analytic solutions and numerical models for multiphase 166 

flow in porous media. The teaching content is highly theoretical, and students may easily get 167 

lost when it is delivered online. Finally, from the administrators’ perspective, cyber 168 

infrastructure for online teaching may not be immediately available to students and teachers 169 

after the abrupt transit to online teaching. For instance, the universities may not have premium 170 

licenses of video conferencing software such as Zoom, Google Meet, and Microsoft Teams 171 

that can support the demand of the whole campus community. Moreover, universities with low 172 
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operational budget may not have enough funding to get equipped with the necessary cyber 173 

infrastructure. In addition, the administrators are struggling to adhere to university policies 174 

while maintaining sufficient flexibility for lecture delivery.     175 

 176 

Student Assessment 177 

      In addition to lecture delivery, how to accurately assess students’ performance in GGE 178 

courses during the pandemic is another big challenge for teachers and administrators. Paper-179 

based close-book exams are the most common traditional student assessment method in GGE 180 

courses. However, when exams are moved online in response to the pandemic, fairness and 181 

academic honesty are hard to keep. It is totally dependent on students’ self-discipline, which is 182 

not always the case. If this happens, the grade is likely to be inflated, leading to overestimated 183 

assessment results. On the other hand, students may have time control and internet connection 184 

problems during fixed time online exam. Considering the fact that many GGE courses involve 185 

heavy calculations, these issues are likely to lead to underestimated assessment results. Finally, 186 

the pressure from the administrators may also lead to grade inflation and overestimated 187 

assessment results. For instance, some universities have interim policies to mandate credit/no 188 

credit option instead of the traditional letter grade mode or simply set a minimum passing 189 

percentage.      190 

 191 

Laboratory Session 192 

      The hands-on laboratory session is the most disrupted module in GGE courses during the 193 

pandemic. The first GGE course in most undergraduate civil engineering curricula around the 194 

world includes a significant laboratory component along with traditional lecture-based learning. 195 

Some advanced undergraduate and graduate GGE courses also include laboratory type 196 

activities. When laboratory sessions are inevitably taught online, the learning objectives may 197 
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not be efficiently met. While watching live or recorded videos of soil tests could help to attain 198 

the necessary basic knowledge, the process does not challenge the cognitive skills of the 199 

students as if they were examining the uncertainty and the practical challenges in the laboratory 200 

work. It also confines the unlimited varieties of test parameters and outcomes into specific ideal 201 

circumstances which cannot be generalized. Such approaches do not help to realize the 202 

interaction between experiment components and processes and the consequences of errors. For 203 

instance, students can easily learn how to conduct plastic and liquid limit tests by watching 204 

recorded demonstrations. However, without real hands-on experience in the lab, it is almost 205 

impossible for students to have a sense of the soil state at these two limit water contents. It is 206 

also difficult for students to recognize the variations of Atterberg limits results obtained from 207 

different persons. The other example is that instrumentation nowadays has been more and more 208 

incorporated into advanced GGE courses. Students can easily learn the principles of various 209 

instrumentation methods from online lectures. However, without hands-on practice on how to 210 

install and calibrate the sensors, and collect and process the data, students may not fully 211 

understand the sources of errors and uncertainties. More importantly, they lose the chance to 212 

develop professional lab skills that may be essential for their future career as geotechnical 213 

engineers. Take-home test may be a robust alternative. However, most universities are in a lack 214 

of necessary take-home test kits and logistics are a big issue. From the departmental or program 215 

perspective, moving laboratory sessions online could potentially risk failing to meet 216 

accreditation requirements. For instance in U.S., the Civil Engineering Program Criteria 217 

specified by the Accreditation Board for Engineering and Technology (ABET) requires that 218 

civil engineering curricula must include “conduct experiments in at least two technical areas 219 

of civil engineering and analyze and interpret the resulting data” (ABET, 2019). In addition, in 220 

many universities, the lab session is a critical part of the first and perhaps only undergraduate 221 

GGE course that students take in a civil engineering curriculum. Administration of the required 222 
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hands-on laboratory component could be an important consideration for attracting 223 

undergraduate students to choose the geotechnical track in senior year and even continue 224 

graduate studies in the same university. If delivered entirely online, the attractiveness is likely 225 

to diminish substantially.  226 

 227 

Research Activities 228 

      Research activities are an important part of both undergraduate and graduate education. 229 

With most campuses effectively closed during the pandemic, research activities, especially 230 

those experimental-based ones, are largely halted. This is primarily due to the limited access 231 

to experimental facilities. On the one hand, the laboratory may not open for as long as in normal 232 

period and research groups or students have to share the limited time slots to do experiments. 233 

On the other hand, experimental facilities that require a large team to operate are not permitted 234 

to run due to restrictions on large indoor gatherings. Thus, research projects relying on these 235 

large facilities are mostly put on hold. Centrifuge tests for modeling municipal solid waste 236 

landfill failures and large-scale shaking tables tests for evaluating seismic interactions between 237 

soil, pile, and structure are two examples of this type of research that are severely impacted. In 238 

some universities, it is also reported that the on-campus high performance computing system 239 

is partially shut down due to a lack of maintenance personnel amid the pandemic. This 240 

adversely impacts the ability to continue numerical modeling or computer vision research that 241 

require high performance computers. For instance, in one case, the research team has to stop 242 

their ongoing research on 3D reconstruction and visualization of an excavation site using 243 

structure-from-motion and virtual reality. In addition, faculty member – research student 244 

interactions are also negatively affected by the pandemic. While communications can still be 245 

made through video conferencing, missing the chance to conduct experiments together or to 246 

develop sophisticated algorithms interactively is likely to more or less hinder research 247 
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progresses. Moreover, if the ongoing research work is supported by extramural funding, then 248 

the milestone delivery is likely to be delayed, especially for industrial sponsored projects, 249 

which normally have more strict schedules. Not only for the milestone delivery in existing 250 

sponsored projects, the pandemic almost certainly brings in challenges to secure new research 251 

funding in the near future. While many national and local science and technology funding 252 

agencies see an increase in budget to support research projects related to COVID-19, a 253 

significant budget cut is expected for most other research fields including GGE. Industrial 254 

funding is also likely to shrink due to the worldwide economic slowdown. Companies are more 255 

likely to divert funding to sustain essential operations while reducing investment in research 256 

and development.     257 

 258 

Variations Among Universities and Countries 259 

      While many universities around the world face similar challenges to the GGE education 260 

amid the pandemic, it is worth noting that how these challenges impact the delivery of the GGE 261 

programs are highly varied among universities and countries, due to the different structure, 262 

practices, and culture of the GGE education that create unique environments for GGE students 263 

to learn and grow (DeBoer, 2012). The variations are reflected on, but not limited to, the 264 

following aspects:  265 

      (1) Hierarchy of engineering schools. Engineering schools vary widely in quality in 266 

different countries and regions. For instance, the engineering education quality structure is 267 

distinctly hierarchical at three levels in India (DeBoer 2012). At the top level, the universities 268 

have more resources to swiftly adapt to the new norm amid the pandemic and ensure 269 

uncompromised learning-experience for students. However, for universities at the bottom level, 270 

they may even lack the basic cyber infrastructure to fully implement remote education. Thus, 271 

the equality in education would be lost and sever impact in the society. On the other hand, in 272 
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developed countries like U.S., the hierarchy among research universities, undergraduate 273 

institutes, and community colleges is less obvious and the public/private dichotomy is not 274 

strong. Therefore, most universities have the necessary resources and experience to cope with 275 

the challenges of the pandemic. Equal learning opportunities for students from different higher 276 

education institutions are more likely to be maintained.      277 

      (2) Theoretical vs. practical curriculum. Whether the GGE curriculum focuses more on 278 

theory or practice highly depends on the cultural structure of a specific country or region. For 279 

instance, in many European countries such as the U.K., they have a long tradition to deliver 280 

GGE courses with a strong emphasize on theoretical components and focus on scientific 281 

training of advanced theorists. Their curricula include fewer lab sessions, field trips and 282 

connections to the industry. Some countries have more balanced curricula. For example, GGE 283 

programs in U.S. and China are oriented towards both theoretical and hands-on learning inputs. 284 

In other countries like India, however, the curriculum is highly practical and aims to prepare 285 

students for the jobs they want. Amid the COVID-19 pandemic, programs with practical 286 

curricula are apparently more vulnerable to the abrupt changes in delivering a successful GGE 287 

program.  288 

      (3) Teacher qualification. Teacher qualification varies substantially among different types 289 

of universities. Most high rank research universities recruit faculty members mostly based on 290 

research achievements. Many simply have little or no previous teaching experience before they 291 

stand at the podium. On the other hand, in undergraduate institutions or community colleges, 292 

faculty members have more chances to receive training in state-of-the-art pedagogy and 293 

teaching skills. They are likely to be more comfortable to the adjustment to the new norm amid 294 

the pandemic.   295 

      (4) Student commitment. The student commitment to academic study is related to their 296 

family situations. For instance, students from high-income families are normally fully 297 
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supported by their families and do not need to take part-time jobs. Thus, students with such 298 

background are able to commit full time towards their academic study even during the 299 

pandemic when courses are switched online. However, a substantial proportion of students 300 

from low-income families have to take multiple part-time jobs. During the pandemic, they are 301 

facing more financial pressure and likely to commit even less time in their academic study, 302 

which may even lower their aspirations and compel them to drop out the courses. This variation 303 

has been noticed at all education levels, as reported by Lancker and Parolin (2020) and Dorn 304 

et al. (2020).   305 

 306 

Faculty Contingent Measures 307 

      Amid the rapidly developed pandemic situation around the world, the universities and 308 

faculty have adopted contingent measures to continue delivering GGE courses (Fig. 2(b)). 309 

While many of these responses are temporary, and may not be the best practice, they can 310 

provide the GGE community with some insights into optimizing contingent plans in the future 311 

in response to a similar public health crisis. This section mainly serves as anecdotal recounts 312 

of emergency experiences from GGE faculty members. Following are a couple of inspiring 313 

actions implemented or prepared to be implemented by GGE faculty members as part of their 314 

contingent measures to enhance teaching and learning experience during the pandemic.  315 

 316 

Active Learning 317 

      Active learning modules have been increasingly adopted in geotechnical education. There 318 

are also well-documented studies regarding how active learning can be effectively promoted 319 

in geotechnical engineering (Leung 2012). In response to the challenges facing GGE education 320 

during the pandemic, faculty members are increasingly using active learning. Below are a few 321 

examples.      322 
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      (1) Small-team problem solving exercises are adopted to virtual teaching using a breakout 323 

room feature on the video conference platform. The instructor assigns random groups and 324 

varied the size, depending on the exercise, to promote broad social interactions (otherwise 325 

entirely missing in virtual teaching) and learning effectiveness among the students.  326 

      (2) Cross-course teaming exercise. At California Polytechnic State University, a teaming 327 

exercise between ENVE 421 Mass Transfer Operations, ENVE 450 Industrial Pollution 328 

Prevention, and CE 587 Geoenvironmental Engineering is conducted. The teams are formed 329 

with students from each course to approach a broad geoenvironmental problem in related steps: 330 

1) determine contamination levels in landfill leachate (ENVE 450), 2) determine diffusion 331 

characteristics of the selected chemicals (ENVE 421), and 3) design an earthen containment 332 

liner to prevent leakage of the selected chemicals (CE 587). The students are responsible for 333 

delivering their component of the assignment and contributing to the report prepared by each 334 

team. This required student-to-student teaching and learning across the three courses.  335 

      (3) Enhanced social element of teaching and learning. In one example, the instructor 336 

implements a practice of sharing music during the 10-minute break of a 2-hour synchronous 337 

lectures. This brings a personal tone and human element to the teaching to best engage the 338 

students in the coursework and unexpectedly, allows exploring diversity and inclusivity aspects 339 

in the courses.  340 

 341 

New Teaching Content Associated with Public Health during a Pandemic  342 

      (1) The role of GGE in mitigating COVID-19 impacts on the society is added to existing 343 

teaching contents, such as disposal of medical wastes, groundwater decontamination, rapid 344 

construction of temporary structures for hospitals, and the production of medical supplies 345 

(Tang et al., 2020; Paleologos et al., 2020). The construction of Wuhan Huoshenshan hospital 346 
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in Wuhan China is a vivid example to show students how GGE engineers are involved in the 347 

global efforts to battle with COVID-19. 348 

      (2) Pandemic - environment interaction is another topic that is included in graduate-level 349 

GGE courses. Studies already show that COVID-19 pandemic has led to decreased 350 

concentration of NO2 and PM2.5 in the atmosphere, cleaner beaches, and reduced environmental 351 

noise level due to lockdown worldwide. On the other hand, it has resulted in an increased load 352 

of the PPE and medical wastes, a significant reduction of waste recycling activities, and 353 

disinfectant-induced water pollution (Zambrano-Monserrate et al. 2020). Therefore, a 354 

discussion on the effects of COIVD-19 on the environment in a GGE course could help students 355 

in realizing the issues and challenges associated with recycling of contaminated wastes.  356 

    357 

Expanding E-learning Resources 358 

      (1) Virtual field trip and soil mechanics laboratory. Field trip is for long regarded as an 359 

effective approach to motivate students and make them aware of the reality in geotechnical 360 

engineering practice (Jimenez and Martin-Rosales 2012). A virtual tour of different 361 

geotechnical structures, problematic sites and case studies, assignment of individual projects 362 

to the students on geotechnical issues relevant to their locality, etc. is adopted for providing a 363 

glimpse of the real-life experience. Though these options cannot replace the actual field 364 

experience, at least may help to keep up the subject interest among the students. Some faculty 365 

members are also developing mobile apps of virtual soil laboratory, enabling students to learn 366 

the operation of soil laboratory tests online and deepen their understanding of GGE subjects. 367 

      (2) E-repository of GGE laboratory sessions. Long before the pandemic started, 368 

numerous online resources to support geotechnical laboratory classes have been established 369 

(Airey et al. 2012). This pandemic, however, forces GGE faculty members to create more e-370 

resources of laboratory sessions. Enormous new videos of experimentation have been prepared 371 
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and submitted to e-GGE repositories for future semesters and will remain available after the 372 

crisis for distance learning or for students that miss a class during a semester. For instance, 373 

United States Universities Council on Geotechnical Education and Research (USUCGER) has 374 

added a lot more lab videos during the pandemic. The data in the e-GEGE repository will be 375 

very useful for students to enhance their learning until the university and laboratory reopen.  376 

      (3) Advanced e-learning technologies. Solutions that involve the usage of mixed reality, 377 

including virtual reality and augmented reality (Bennette et al., 2017, 2019), and artificial 378 

intelligence are being increasingly developed by GGE faculty members during the pandemic 379 

to establish internet-of-things (IoT) where students can conduct their lab work examining a 380 

wide range of possibilities and observing the outcomes. For instance, a computer program has 381 

been developed which is capable of predicting soil triaxial shear behavior using machine 382 

learning (Penumadu et al., 2000).  383 

      (4) E-resources of emerging issues and cross-disciplinary applications. Students’ 384 

learning experience of GGE can be further enhanced by developing more novel examples 385 

related to emerging issues and cross-disciplinary applications (Howell et al., 2020). During the 386 

pandemic, GGE faculty member are putting more efforts to develop these e-resources. For 387 

instance, monitoring of the long term geoenvironmental phenomena (viz., bio-degradation, 388 

leachate and gas creation etc.) that occur in a landfill has been adopted to demonstrate the 389 

efficacy of the ‘sensing technology’ to ascertain their proper functioning. The remote operation 390 

of robotics to demonstrate automated construction and monitoring is also incorporated into a 391 

GGE course to give students hands-on experience of edge-cutting technologies being deployed.    392 

  393 

Assessment of Learning Outcome with More Student Engagement 394 

      (1) Self-evaluation tests. To improve student engagement, it can be supported by 395 

introducing continuous self-evaluation tests and some complex tasks that need the interaction 396 
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with the teacher. Taking some practical examples from the MSc course of Geotechnics for 397 

Energy Production in Politecnico di Milano, students have been asked to self-evaluate their 398 

theoretical understanding with simple exercises, e.g. by extending borehole stability analyses 399 

to different failure criteria and by proving that Biot poro-elasticity tends to classical soil 400 

mechanics under the assumptions of incompressible pore fluid and solid particles.  401 

      (2) Practical homework has also been proposed throughout the course, regarding the 402 

choice of rock strength parameters from laboratory data, in situ stress state determination in 403 

rock masses, mud weight window determination and offshore foundation design. More 404 

complex tasks -where interaction with the teacher is anticipated - have been assigned too, e.g. 405 

to identify the displacement field induced around a depleting sphere in a linear poroelastic 406 

medium. 407 

 408 

High-Impact Integrated GGE Education and Research 409 

     It has been widely recognized that integrating research into GGE education can provide 410 

students with better learning experiences, which are translated into increased understanding of 411 

important concepts and greater interest in continued education in GGE (Trombetta et al. 2012; 412 

Pierce 2016). In addition, findings from new research are likely to supplement traditional 413 

teaching contents and update students with the state of the art and practice (Orlandi and 414 

Manzanal 2020). The pandemic has led to the development of more integration of GGE 415 

education and research by faculty members.  416 

      Leveraging with cutting-edge GGE research. During the pandemic, graduate-level GGE 417 

courses are being leveraged with cutting-edge GGE research related to the pathogen induced 418 

pandemics. For instance, bio-mediated and bio-inspired geotechnics has been a very popular 419 

research topic in recent years (Jiang et al. 2020; Shashank et al., 2016). The knowledge 420 

generated in this new area of GGE could be of potential help in modeling pathogen-421 
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geoenvironment interactions in a precise manner (Tang et al., 2020). It is possible to 422 

incorporate the state-of-the-art of this new field into a graduate-level GGE course related to 423 

geoenvironment or sustainability. Students enrolling in this course will have a chance to get 424 

exposed to cutting-edge bio-mediated and bio-inspired geotechnical engineering research, 425 

which is the utmost need of the hour. The other example is that recent studies (Tang et al., 2020; 426 

Paleologos et al., 2020) have cited the presence of the new coronavirus in sewage sludges and 427 

municipal solid waste (MSW). In this regard, adopting sensors-based technologies for 428 

performing some of these investigations viz., in-situ measurement of temperature and moisture 429 

content for decompositional characteristics would be a prudent exercise. In this context, Patil 430 

et al. (2017) have employed multilevel thermocouples and frequency domain reflectometry 431 

probe to monitor temperature and volumetric moisture content, respectively, at different depths 432 

of a bioreactor landfill (BLF), which in turn is instrumental in (i) managing leachate 433 

recirculation and (ii) accelerating the decomposition of MSW. These new monitoring 434 

techniques can be integrated into a graduate course focuses on GGE instrumentation.  435 

 436 

Lessons Learned from Faculty Contingent Measures 437 

      Through revisit of contingent measures taken by GGE faculty members across countries, 438 

the following lessons can be learned: 439 

• Remote teaching during the pandemic relies heavily on e-learning resources and 440 

pedagogies. While GGE faculty members are fully aware of it, it still takes time, and 441 

maybe a long time to fully fulfil the demand for e-learning infrastructures and human 442 

resources during the pandemic situation. 443 

• The abrupt switch in teaching and learning mode during the pandemic, on the other 444 

hand, is a good opportunity to test and implement newly developed or nontraditional 445 

education concepts. Faculty members are more flexible to implement new pedagogies 446 
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at the online learning environment. Administrators are also more willing to support 447 

these initiatives. 448 

• The pandemic and coronavirus themselves have made us aware of the importance of 449 

human-environment-pathogen interactions, which are largely missing in existing GEE 450 

education and research. It thus deserves thinking of expanding interdisciplinary 451 

elements in GEE programs for the future.  452 

 453 

Future Opportunities  454 

      When it is becoming increasingly clear that we have to live with the virus for an extended 455 

period, the GGE faculty members have to define the new norm for GGE education based on 456 

existing best of practice and experience we have learned from implementing contingent 457 

measures at the early stage of the pandemic. It is also important to use tools and results from 458 

engineering education research, though it is acknowledged that large gaps still exist between 459 

findings of engineering education research and engineering teaching practice (Pantazidou 460 

2016).  461 

      This section mainly presents opinions on the development of better teaching and learning 462 

environments for the future when similar public health crisis unfortunately happens. Below are 463 

a few proposed opportunities that can be further explored to define a more resilient, engaged, 464 

interactive, and technology-based GGE learning environment for students. It should be noted 465 

that these identified future opportunities are not necessarily new and may have been previously 466 

reported and elaborated by the engineering education community. However, we view it as a 467 

chance to facilitate greater interactions among GGE faculty and education professionals.    468 

 469 

Smart Learning 470 
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      Smart learning/education is a relatively new education paradigm, which is proposed and 471 

developed owing to the rapid progressing of intelligent technologies. While there is no unified 472 

definition of smart learning so far, it generally refers to context-aware ubiquitous learning 473 

through providing student-centered, personalized, and adaptive learning service via adopting 474 

interactive and collaborative intelligent tools (Hwang 2014; Zhu et al., 2016). Tikhomirov et 475 

al. (2015) defined three dimensions of smart learning/education as: (1) educational outcomes, 476 

(2) information and communication technologies (ICTs), and (3) organizational aspects. The 477 

educational outcomes dimension reflects the skills that should be acquired through smart 478 

education, which include adaptation, awareness, logical reasoning, self-learning, anticipation, 479 

and self-organization (Uskov et al., 2018a). The ICTs dimension reflects a set of ICT 480 

technologies for organizing and managing learning progress, developing learning content, 481 

facilitating social interaction during the learning process, and achieving mobility (Uskov et al., 482 

2016, 2018b). The organizational aspects dimension reflects the flexibility of educational 483 

programs, forms of learning, and principles of teaching, including openness, individualism, 484 

and customization.  485 

     The concept of smart learning has been widely implemented in engineering education. 486 

Alelaiwi et al. (2015) reported a case study of delivering a digital signal processing course in a 487 

smart class environment with enhanced Learning Management Services that include an array 488 

of advanced communication technologies. Uskov et al. (2019) developed an innovative 489 

InterLabs smart learning analytics system and incorporated it into a computer science and 490 

information systems curriculum. Sood and Singh (2019) proposed a cloud computing based 491 

smart learning framework that could enhance students’ employability in engineering education. 492 

Verma et al. (2017) proposed a smart computing-based student performance evaluation 493 

framework and experimentally evaluated it by monitoring the daily activities of computer 494 

science and engineering students. In civil engineering education, Zhang and Lu (2008) 495 
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presented the education development in the field of smart structures technology and how it was 496 

incorporated into an undergraduate civil engineering curriculum. For GGE courses, Jaksa 497 

(2020) introduced the use of 360-degree camera and virtual reality to create the smart learning 498 

environment and provide relatively authentic immersive experiences to students. Barreto (2012) 499 

implemented Electronic Voting Systems (i.e., Class Response Systems) to automatically gather 500 

statistics related to the response of students in geotechnical engineering classes. It has been 501 

successfully shown that this method can provide immediate feedback to students and encourage 502 

their engagement. Pinho-Lopes (2012) reported how computing and software can be better 503 

incorporated into a soil mechanics course to enhance students’ understanding of basic concepts 504 

as well as soft skills.  505 

      While most of the existing smart-learning models and strategies focus on enhancing the 506 

classroom experience for students, it is also possible to adjust the configurations of heavily 507 

deployed ICTs so that they are compatible with a remote learning environment. Further 508 

research is strongly recommended in this area. 509 

 510 

Flipped Learning  511 

      The concept of flipped learning has been increasingly popular in higher education for its 512 

potential to better engage students in active learning (Bond, 2020). Based on the collaborative 513 

learning theory and constructivism (Bishop and Verleger, 2013), flipped learning provides 514 

lecture materials such as slides and handouts to students outside of the classroom, instead of 515 

directly teaching these contents at class. During the class time, instructors and students will 516 

focus primarily on interactive group learning activities (Song and Kapur, 2017). Some 517 

researchers also regard out-of-class video component as part of the flipped learning (Cheng et 518 

al., 2019). In the realm of civil engineering education, flipped learning is also gaining 519 

popularity in recent years. For instance, Mojtahedi et al. (2020) piloted a flipped classroom 520 
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instructional model in a second-year construction management class. Yan et al. (2018) 521 

established an active flipped learning model and applied it in an engineering mechanics class. 522 

Warren and Padro (2019) trialed a partially flipped classroom pedagogical model in a 523 

geotechnical course to assess student engagement, perceptions, learning, and gains. For the 524 

GGE education, taking Soil Remediation course as an example, flipped learning pedagogy can 525 

be implemented by assigning students with the tasks to learn lecture materials related to the 526 

principles and features of various soil remediation methods out of class. Then, during class 527 

time, instructors and students can focus on several case studies of real soil remediation projects. 528 

More recently, Prof. M.B. Jaksa from University of Adelaide particularly introduced how 529 

flipped learning can be potentially incorporated into traditional GGE courses when delivering 530 

the 2nd Burland Lecture on Geotechnical Engineering Education in the International 531 

Conference on Geotechnical Engineering Education 2020 (Jaksa 2020). 532 

      Due to its nature of moving lecture content before class, flipped learning seems to be an 533 

ideal strategy when the whole class has to be delivered remotely during a public health crisis 534 

like the COVID-19 pandemic. However, it should be noted that whether flipped learning can 535 

be effectively implemented during the pandemic still depends on students’ accessibility to 536 

internet infrastructure as well as the availability of highly interactive communication software 537 

(Fung and Lam, 2020). 538 

 539 

Interdisciplinary Engineering Education 540 

      The concept of interdisciplinary engineering education (IEE) is not new, and its 541 

implementation is to train future engineers who can work both within and outside the 542 

boundaries in their own discipline (Barut et al., 2006). Van den Beemt et al. (2020) proposed 543 

a three-level conceptual framework based on a why-how-what approach to analyze 544 

interdisciplinary learning and practice. The three-level educational processes are vision, 545 
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teaching, and support. The vision or motivation of IEE is to train students with complex real-546 

world problem-solving skills, entrepreneurial competencies, and social awareness. The primary 547 

teaching process of IEE includes encouraging students’ participation from different disciplines, 548 

applying problem-based and project-based pedagogies to address interdisciplinary issues, 549 

creating highly engaged interdisciplinary assignments, and developing assessment procedures 550 

compatible with interdisciplinary educational contexts. The support for IEE includes training 551 

and advice resources for interdisciplinary teaching skills and institutional incentives for 552 

interdisciplinary course design. 553 

      There have been many reported case studies related to IEE. For instance, McCrum (2017) 554 

proposed an interdisciplinary problem-based learning strategy to improve creative problem-555 

solving skills in structural engineering students at Queen’s University Belfast. Hunt (2018) 556 

developed a multidisciplinary civil engineering capstone design project at the University of 557 

Nebraska-Lincoln, which originated from an existing industry consulting project. Zhang et al. 558 

(2020) developed an interdisciplinary BIM-based capstone course in highway engineering at 559 

Chang’an University by integrating the design work content of nine different subjects. In the 560 

realm of GGE courses, Simpson and Ferentinou (2020) systematically examined the extent to 561 

which project-based learning allowed students to develop the reasoning, evaluation and 562 

judgement processes required in geotechnical engineering practice at University of 563 

Johannesburg. Dalal et al. (2017) proposed an interdisciplinary approach to develop an 564 

undergraduate course on biogeotechnical engineering at Arizona State University. Gavin (2012) 565 

implemented hybrid project-based learning to teach geotechnical design skills in the final year 566 

of a civil engineering program at University College Dublin.  567 

      Public health crisis like COVID-19 brings about new opportunities for IEE in GGE. As has 568 

been adopted in faculty contingent measures, interdisciplinary teaching contents can be directly 569 

exploited from the pandemic. In addition, the wide adaptation of remote teaching strategies and 570 
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pedagogies is likely to facilitate the delivery of interdisciplinary contents as well as improve 571 

students’ engagement. The universities are also more likely to support the development of new 572 

interdisciplinary courses that can be delivered remotely.  573 

 574 

Closure Comments 575 

      COVID-19 outbreak is a tragedy on higher education worldwide, and particular disrupts 576 

GGE education and research which traditionally heavily rely on hands-on experiences, 577 

laboratory experiments, and field visits. The key challenge for the faculty members is how to 578 

balance the flexibility of learning and physical distancing requirements without compromising 579 

learning outcome, education equity, and interpersonal interactions in traditional teaching mode. 580 

Looking forward, challenges always come with opportunities. Pandemics such as COVID-19 581 

provide us the time and impetus to reflect on existing teaching-learning modes and implement 582 

changes. Lessons and experience learned from temporary measures in response to the pandemic 583 

could help the GGE faculty to develop a more resilient, engaged, interactive, and technology-584 

based learning environment for students in the near future. 585 
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