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campus. All teaching and learning activities were required to be delivered remotely via the internet using online 
collaboration platforms. This new course delivery format was required due to the Victorian state 
government-declared state of emergency that imposed social distancing and lockdown measures to stop the 
spread of the coronavirus. All face-to-face on-campus activities transitioned to online delivery mode. 

2. Objectives 

Teaching that aims to achieve high student satisfaction and successful learning outcomes is a very demanding 
task, especially after the onset of the pandemic. Universities all around the world have experienced massive 
disruption that has led to physical closure of campuses resulting in inability of students and staff to gain access to 
buildings and laboratories. All teaching and learning activities have transitioned to fully online delivery, which 
relies heavily on access to a computer or a tablet and, most importantly, on a reliable internet connection for each 
student. This requirement prompted our teaching team to develop agile plans and rapid responses to ensure the 
continuity of teaching and learning activities, while maintaining their quality and student engagement. The real 
challenge lay in adapting the usually heavy reliance on laboratory-based experiments to an online learning 
environment. We focused on developing an innovative approach enabling the traditional, laboratory-based, 
experimental learning to be conducted remotely by selecting the appropriate technologies and computational 
tools to train and engage students in working collaboratively and productively. This paper is reporting on the 
educational innovation and highlighting it characteristics, challenges and success. 

The aims of this paper are to: (i) share our first experiences of the steps taken to deliver classes fully online; (ii) 
identify the challenges and successes based on these first experiences; and (iii) share students’ feedback and 
learning outcomes. The paper begins with a description of the concepts underpinning the course curriculum. This 
is followed by reflections on the challenges, successes, motivations, outcomes and lessons learnt so far.  

3. Review of the Literature 

The unprecedented nature of the pandemic brought new challenges and disruptions to most, if not all, industry 
sectors. For the higher education sector, it changed the way academic staff teach and engage with students due to 
lockdown-induced campus closures as a result of the state government’s strategy to suppress the transmission of 
the virus (Bao 2020; Bowen 2020). While the teaching activities such as lectures, tutorials, practical and 
assessments were predominantly delivered remotely in online mode, the pedagogical framework, learning 
quality and course learning outcomes remained unchanged.  

The current study used the “student-centred learning” pedagogical approach to promote active learning, in which 
a mixture of lecturing, demonstration and rote learning activities were “visible” and structured, as well as being 
facilitated by the teacher (Jacobs and Renandya 2019). However, over the course of the online teaching sessions, 
a shift occurred in which the students became the centre of the activity and were expected to participate more 
actively in their own learning by interacting with peers and working together as a group (Baeten et al. 2015).  

In order to complement successful active learning elsewhere (Sessoms 2008), a series of digital learning tools 
(e.g. hardware and software such as computers, overhead projectors, internet, YouTube, Kahoot! etc.) have been 
integrated by educators into the teaching and learning environment. Sessoms (2008) noted that integrating digital 
tools not only encouraged active participation in the learning process, but also assisted in the development of 
higher-order thinking skills as they analysed, synthesised and shared information and knowledge with peers. 

In the earlier study, van Joolingen (2000) reported that when students were engaged in the process of sharing 
information and knowledge with each other, they were participating in collaborative learning. To cultivate 
collaborative learning, van Joolingen argued that students should work in small groups on problem-solving 
activities, in which they are required to formulate research questions, design experiments, understand analysis 
and interpret results. As reported previously (Kopp et al. 2014; Oxelmark et al. 2017; Pang et al. 2017), student 
need to develop effective peer communication and collaborative skills in order to achieve positive and 
high-quality learning outcomes.  

Besides active and collaborative learning approaches, the key elements of this student-centred learning approach 
involve, but are not limited to, fostering a supportive learning environment with a focus on the enhancing 
learners’ experiences, promoting deep learning, and understanding through engagement with knowledge derived 
from their life experiences, as well as applying ideas and information they encountered in problem solving in 
class and beyond the classroom (Jacobs and Renandya 2019; Sweetman 2017). These key elements of active and 
student-centred learning underpinned the approach we developed in the Biomechanics course to address the new 
challenges to existing pedagogy of fully remote and online teaching and learning that coronavirus pandemic 
thrust upon us.  
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4. Methodology 

The lecturing staff quickly modified the teaching strategies in order to enable a smooth transition to online 
learning. The strategies, specific tools and software used in the course delivery to support the online teaching and 
learning are described below.  

4.1 Data Collection 

This paper included only the third-year undergraduate students studying in Biomedical Engineering degrees in 
Semester 1, 2020, in which students take the Biomechanics course as one of their core courses. Student 
assessment results were analysed for frequencies and means using Excel. At RMIT University, there are student 
representatives who advocate for their peers and work with academic staff to consider concerns raised by 
students and highlight examples of good teaching practice. In this course, feedback from student representatives 
was collected during weeks 4 and 8 of the teaching semester. Students were invited to provide feedback on the 
teaching quality and their learning experiences in a course-experience survey that comprised two parts. The first 
part asked seven opinion-rating questions using a five-point Likert scale coded from 1 = “strongly disagree” to 5 
= “strongly agree”. The second part asked two open-ended questions to allow students to provide feedback on 
what worked well and what needed improvement in the course. The survey was conducted online between weeks 
9 to 12 and their responses remained anonymous. Content Analysis was used to summarise students’ feedback 
(Forman and Damschroder 2007). 

4.2 New Teaching Strategies 

While the content of the course remained the same as its face-to-face predecessor, the theoretical classes were 
changed to interactive problem-solving sessions conducted online. In order to make the learning online easier, 
the course coordinator (lead author) adopted a modular teaching framework (Guido 2014) by dividing the 
theoretical contents into small modules based on similar topics so that each module lasted for no more than 30 
minutes. 

The laboratory classes were changed to online interactive consultations with small group of students. As a result 
of these group consultations, students were able to engage with each other. The course coordinator’s role was to 
facilitate discussion, provide advice and encourage the students in defining and framing the research problem, 
formulating the appropriate methodology and research questions, conducting their surveys, collecting data and, 
finally, analysing results. Each group consultation lasted for about 45-60 minutes.  

In addition to these consultation sessions, the course coordinator also devoted considerable time to preparing 
videos on how to conduct movement analyses in home settings to facilitate students’ learning experience.  

4.3 Collaborate Ultra and Kahoot! 

As a result of these changes and challenges, we used a real-time video conferencing tool, Collaborate Ultra　　 
to deliver the online lecture. The tool is embedded in Canvas (a learning management platform). It allows users 
to add files, share applications and use a virtual whiteboard to deliver the online lectures as well as conduct 
online consultations with students. It also allows the classes to be recorded so students could catch up on missed 
teaching. All these features were used during online delivery of the Biomechanics course. 

The course coordinator also incorporated Kahoot to boost class interaction and promote active learning during 
the online classes. Kahoot is a free, game-based, learning platform that allows lecturers to create their own 
quizzes and include images to enhance teaching of and learning by using their personal devices and entering a 
game PIN. During the lecture, the Kahoot quizzes were shared with students and students reported having fun 
when participating in the online quizzes. Kahoot quizzes were used as a formative assessment to enable the 
lecturer to collect data and analyse the questions or concepts that students were struggling with and then devise a 
plan aimed at improving students’ learning.  

4.4 Redesigning Home-Based Experiment 

To reinforce the experimental learning and group work, we also modified the group project to enable students to 
carry out their research and data collection in their homes. As students had continuous access to the powerful 
tools of internet, media, and smart devices equipped with the sophisticated cameras, we leveraged their capacity 
to use their own devices to record human movement in a home setting. For those who were facing financial 
hardship and did not have suitable technology, RMIT University provided an additional Technology Grant (up to 
AU$1,000) to assist students with purchasing essential equipment (including hardware, software and digital 
material) to continue their studies remotely.  
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that the group projects a challenge and were confused about the required tasks and how to continue their studies 
at home without the necessary equipment. Students required more explanation of laboratory work to ease their 
anxieties. We took note of the students’ concerns and the course coordinator quickly set up a discussion board on 
Canvas for students to post their queries and to provide them with direct answers quickly and efficiently. This 
approach worked well to support students’ learning and general wellbeing.  

In relation to the online survey, students stated that the online quizzes via Kahoot helped them improve their 
learning. As one student noted: 

I really like the way the lectures were delivered at the start of the semester with the Kahoot encompassing the 
whole lecture and the expectation that we study the content before the lecture. I really felt that having the 
practice quizzes and doing questions helped me learn a lot. 

Another student reported that the integration of quizzes into the online tools helped with grasping key 
biomechanics concepts better:  

Learning about the mechanics of the body and how they work. The way [the lecturer] was able to integrate the 
class into online learning all the quizzes that were provided for learning. 

Overall, the students’ collective feedback for the course was very positive. They reported that the lecture and 
tutorial sessions were interesting and engaging. Staff flexibility and fast responses to change and adjust 
assignments for working at home was greatly appreciated by the students. Students also found that the Kahoot 
quiz engaging and fun and the online tutorials were appreciated and highly beneficial for their learning. This 
result is consistent with the earlier report by Sessoms (2008).  

5.2 Group Project  

The authors developed the new group project to support students working remotely on the project and provide 
them with challenging, hands-on experiences that augmented their research and education in the biomechanics 
field. Students worked collaboratively to perform different experiments, which was essentially a process of 
problem solving, formulating research questions and preparing technical reports, and then interpreting and 
justifying their findings related to the assigned project task. 

As those students were studying remotely, we improvised to leverage technology use outside the classroom to 
capture human movement and replace the Vicon Motion Systems used in the laboratory. Students were advised 
to use their personal devices and open-source software to conduct the home-based experiments and to interact 
with peers and the course coordinator to keep them stimulated and engaged. With this work-a-round approach, 
we saw students taking a more active role and pride in their learning as they adapted to problem-solving tasks 
with the tools and materials that they had to hand. The online team consultation sessions were important for the 
course coordinator to connect with students, support their engagement, stimulate motivation, provide feedback, 
assist with problem solving, improve technical competency, foster team collaboration skills, and build 
confidence. 

Based on the proposals and final reports submitted by the student groups, it was clear that they demonstrated the 
necessary skills in developing the research instruments (such as questionnaires, consent forms and risk 
assessments) required for conducting the research tasks safely and minimising foreseeable risks. As reported 
(Kopp et al. 2014; Oxelmark et al. 2017; Pang et al. 2017), developing the capacity to work as a team member is 
a crucial outcome of incorporating group-based projects into an active learning environment. Most students in 
this course did demonstrate improved capabilities in working as effective team members, which enabled them to 
complete their projects to the highest standard. They also learned to adhere to ethical principles in order to 
protect the rights and welfare of their research participants. The more advanced groups proposed several 
hypotheses that addressed different aspects of their research questions. They also performed simple statistical 
analyses such as the student t-test for the comparison of more than two independent samples. In future 
implementation, we will encourage students to be more curious about the data they collected and initiate further 
statistical analyses to examine their datasets in more detail. 

We discovered that the home-based experiments had two main challenges: (i) student groups that lack good 
learning attitudes and were disorganised (e.g. a lack of time management skills and inexperience in studying 
in-depth or grappling with breadth of the course content) often ended up with poorer grades; and (ii) experiments 
conducted in individual homes, not in a controlled laboratory environment, produced some inconsistencies. As 
one of the groups indicated in its report:  

Some of these inconsistencies included camera angles and placement of the camera. Since the cameras had to be 
set up manually for each person, the angle might have had a slight distortion which might have caused the 
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