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Abstract: The Covid-19 pandemic has caused unprecedented disruption to global education. In particular, the laboratory 
and field teaching has been heavily affected by the pandemic due to the implementation of lockdown and social distance. 
Schools and universities had to take urgent and necessary measures to transform traditional face-to-face education to 
online or blended mode. Most of the measures are concentrated on tool-based pedagogy, and instructors use nearly all 
available tools, primarily digital tools, for example, Zoom and MS Teams, to maintain the continuation of education. The 
online learning, through lecturing and supervising of some processes, can build up students’ theoretical aspect 
(knowledge), but students’ practical skills have been little developed. Given the advantage of the Internet-of-Things (IoT), 
low-cost sensors have been increasingly used for direct measurement without laboratory support, while their application 
in teaching and learning has been little explored. In this case study, a low-cost air quality sensor, PlumeLabs Flow 2, was 
applied in blended learning of undergraduate Environmental Science/Engineering programmes. With some lectures on 
environmental pollution knowledge, students studied in teams (Team-Based Learning) using low-cost sensors to measure 
air quality and developed projects (Project-Based Learning) to mitigate environmental pollution. Survey and interviews 
were conducted to understand students’ learning experience and identify suggestions for further improvement of this kind 
of blended learning. The survey and interviews indicate that more than 90% of students praised the positive effects of this 
new technology-enhanced learning, including improvements in skills and employability. Especially, students emphasized 
the advantage of learning knowledge and developing practical skills without relying on laboratory, which was very difficult 
or impossible during the pandemic. One of the concerns of low-cost sensors is the possible bias of the measurement data. 
Thanks to the rapid advance during the pandemic, online and blended learning will continue to develop in the post COVID-
19 era. Using low-cost sensors will be an important approach to compensate for the lack of training of practical skills in 
blended and online education. 
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1. Introduction 
The rapid spread of coronavirus (COVID-19) has interrupted education systems in almost all countries. Like all 
organisations, universities had to instantly deal with the imminent threat from the unexpected and disruptive 
COVID-19 pandemic, so-called crisis management. Constrained by lockdown and social distance, universities 
had to take urgent and necessary measures to transform traditional face-to-face education, including field and 
laboratory teaching, into online or blended mode (Dhawan, 2020). The process-oriented strategy focuses on 
the impacts of the crisis on universities and the tasks required to perform to avoid or minimize such impacts. 
The term “crisis pedagogy”, a crisis-aware education that includes the design and delivery of educational 
activities to better support learners through the crisis period (Khanal, 2021), is increasingly applied to illustrate 
the emergency online teaching and education task that was adopted to reduce the damage of the COVID-19 
pandemic on university education. In general, crisis pedagogy consists of two parts: instructor-guided 
synchronous teaching and student self-paced asynchronous study. Most of the measures are concentrated on 
tool-based pedagogy, and instructors apply almost all available tools, mainly digital tools to continue teaching. 
As Nel and Marais (2020) have suggested, the appropriate teaching approach in this education crisis period 
should be process-based pedagogy, with the focus on how students access the study materials both safely and 
reliably.   
 
For many programmes, such as Biology, Medicine, Geography, and Environmental Science/Engineering, the 
learning outcomes emphasize the significance of developing both theoretical and practical aspects (Gamage et 
al., 2020). In terms of establishing these practical aspects, students learn the field and laboratory methods and 
synthesise field observations and experimental practices. Field and laboratory teaching provide unique 
opportunities to develop students’ design, analysis, problem-solving, data-recording, experimental, and 
practical skills (Davies, 2008). In a properly designed laboratory teaching session, students will become familiar 
with equipment and techniques. Learning under the supervision of teachers and in collaboration with 
classmates, students will be able to develop communication and interpersonal skills. By studying the real 
problem in the world, students can integrate learned theory with daily practice.  
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Most crisis pedagogy adopts an online education model. The online learning, through lecturing and supervising 
of some processes, can build up students’ theoretical aspect (knowledge). The online learning has been 
increasingly used during the COVID-19 pandemic. These virtual sessions are helpful in increasing learners’ 
understanding of knowledge, with the advantage of overcoming health and safety constraints (Lewis, 2014). 
However, online learning has obvious weaknesses that can affect the development of students’ practical skills. 
Virtual laboratories, a computer-assisted learning environment which helps students perform experiments in a 
virtual learning environment using the computer-based interface, have developed rapidly during the COVID-19 
pandemic (Kapilan et al., 2021). Notably, students still cannot directly use the equipment in the laboratory in 
the virtual laboratory environment, losing valuable hands-on exposure to these facilities and lacking the 
immersed learning experience in field and laboratory classes. The guideline for Practice and Lab-based 
Assessment from UK Quality Assurance Agency (QAA) states the learning outcomes need to include the 
assessment of competence and skill in using relevant equipment (QAA, 2020).  
 
During the lockdowns and university closure period, instructors lack the luxury of physical tools and support, 
particularly laboratory and advanced equipment. For the crisis pedagogy during the COVID-19 pandemic, 
technology plays an increasingly important role in education, including remote and blended learning, at least 
offering learners access to new study materials. The new technological resources mainly used in the author’s 
teaching include Zoom, MS Teams, Stream, Blackboard Ultra, Menti, Kahoot, and Padlet. Clearly, online 
education heavily relies on new technologies. After the partial lifting of the COVID-19 lockdown, students 
started to return to campus. However, 2-metre social distancing was still implemented in most study 
environments, especially laboratories. This limited laboratory capacity still constrained students’ hands-on 
learning experience in laboratory.  
 
In the last decade, the rapid development of the Internet-of-Things (IoT) and the maker movement promoted 
the accelerated advancement and wide application of low-cost electronic sensors (Chan et al., 2021). Portable 
and low-cost sensors are fostering appealing research opportunities. For example, low-cost bioacoustic 
sensors have been used to monitor wildlife and biodiversity (Teixeira et al., 2019). The build-it-yourself low-
cost sensors provide opportunities to collect both spatially and temporally finer-scale data (Horsburgh et al., 
2019). Low-cost sensors have also been used for large-scale hydrometeorological monitoring networks, for 
example, Trans-African HydroMeteorological Observatory (www.tahmo.org) and FreeStation initiative 
(www.freestation.org). One of the exciting advantages of low-cost sensors is that they allow direct 
measurement, without laboratory experiments using complicated equipment. Considering the impossibility of 
laboratory access during the COVID-19 lockdown period and reduced laboratory space due to 2-metre social 
distancing, this is extremely important. Despite their increasing popularity in research, low-cost sensors have 
been rarely used in teaching. In this research, a low-cost air quality sensor called PlumeLabs Flow 2 was used in 
the author’s teaching.  
 
Despite the importance of new teaching and learning tools, students’ mental health students should never be 
ignored (Teräs et al., 2020). During the isolated online learning condition, students need a learning 
environment to interact with staff and other students more than ever before, with some sense of engaging 
with classmates and instructors like in an in-person learning environment. One of the aims of crisis pedagogy is 
to engage all learners during the education process by building up some sense of students’ community, which 
has been proved to be crucial in mimicking the in-person study experience (Khanal, 2021). To create and 
maintain an active student learning community, the team-based learning (TBL) was applied in the author’s 
teaching (Michaelsen et al., 2011). Students are divided into several small groups and conduct learning 
together, with proper social distancing.  
 
The overall research question is “How did the application of low-cost sensors improve students’ blended 
learning experience during the COVID-19 pandemic?”. The main aims of the research are to 1) analyse the 
contribution of learning using low-cost sensors to developing students’ practical skills; and 2) estimate the 
influence of learning using low-cost sensors on promoting a learning community during the pandemic. The 
results will be useful to understand the value of the recently developed low-cost sensors in blended learning, 
even in the post COVID-19 era.  
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2. Research methods 

2.1 Pedagogic design 

In this research, a low-cost air quality sensor Flow 2 was used in the author’s teaching module Air Pollution 
and Urban Air Quality, with 27 students. Before the COVID-19 pandemic, students could easily access 
laboratories and conduct field and laboratory learning. However, online education, due to campus closure, 
ruled out the possibility of in-person field and laboratory learning. The blended learning began in September 
2021, with the partial lifting of the COVID-19 lockdown, opened the opportunity for field class, while the 2-
metre social distancing policy makes laboratory teaching still challenging. To overcome the difficulty, the low-
cost Flow 2 sensor was applied in the author’s teaching.  
 
Students studied in small groups with 3 - 4 classmates in each team (Team-Based Learning) (Michaelsen et al., 
2011) and ran 2-week small projects (Project-Based Learning) (Yang, 2021a) (Figure 1). Instead of learning in an 
indoor laboratory with a risk of coronavirus infection, students learn outdoors on the university campus, so-
called the living laboratory (Lindstrom and Middlecamp, 2017). With some supervision, students proposed 
some projects on air pollution on campus. After reading some references, students developed project plans 
with detailed fieldwork and air quality measurements using the Flow 2 air quality sensor. With some guidance 
and demonstration from the supervisor, students carried out fieldwork and collected air quality data on 
campus using Flow 2 sensors (Figure 2). On the basis of the group data, each team delivered a group 
presentation, and all students completed their individual essays.  

 
Figure 1: Pedagogic design of students’ blended learning using low-cost sensors during the COVID-19 

pandemic 

2.2 Analysing students’ learning experiences 

To understand the learners’ perception of the low-cost sensors and to evaluate the effectiveness of learning 
using the sensors, this research adopted both quantitative and qualitative methods for data collection. The 
online questionnaire (quantitative data) was conducted at the end of the module. The questions include 
students’ opinions on learning methods, relevance to the real world, developing abilities as an independent 
learner, helping students to learn, creating a sense of belonging, providing adequate opportunities to interact 
with other students, and overall satisfaction. A total of ten students were interviewed separately for their 
feedback on teaching and learning (text, qualitative data). The descriptive statistics were conducted for the 
survey data (Loeb et al., 2017), and the thematic analysis method was used to analyse the qualitative data 
(Braun and Clarke, 2012).  
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Figure 2: The low-cost air quality Flow 2 sensor was used in blended learning (A). The Flow App can directly 
show the air quality data and walking path (GPS location) on the phone, and the air quality data can 
be downloaded for learning (B) 

3. Results 

3.1 Quantitative data results 

Figure 3 illustrates the questionnaire results for students’ perception of learning using low-cost sensors. 
Around 93% of the 27 students confirmed having a positive learning experience using a range of teaching 
methods, particularly low-cost air quality sensors. Because students can measure air quality by themselves, the 
majority of the students thought their learning was relevant to the real world. Most students also confirmed 
that the new teaching method helped to “develop abilities as an independent leaner” and “help(ed) student to 
learn”. During the COVID-19 pandemic, some students suffered from mental health problems (Yang, 2021b). 
Therefore, it is crucial to create a learning community, where students can study in small teams and help and 
support each other. Approximately 96% of the students agreed that this module had created a sense of 
belonging. The majority also confirmed that the module provided adequate opportunities for interaction. 
Overall, more than 90% of the students were satisfied with the entire module.  

 
Figure 3: Students’ perception (percentage) of learning using low-cost sensors during the Covid-19 pandemic 

 

 
(A) (B) 
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3.2 Qualitative data results  

To make qualitative results more visible, two word clouds were created for two questions about the learning 
experience of using low-cost sensors (Figure 4) and team-based learning (Figure 5), based on the counts of the 
most used words. In Figure 4, sensor, flow, air, and data were mentioned frequently. In Figure 5, team, group, 
discuss, help, and data were mentioned frequently. 

 
Figure 4: Word cloud of students’ feedback on learning using low-cost sensors during the Covid-19 pandemic. 

Word cloud is in the shape of a graduation cap 

 
Figure 5: Word cloud of students’ feedback on team-based learning during the Covid-19 pandemic. Word cloud 

is in the shape of five hands, indicating learning together within the team 

The thematic analysis identified three main themes from the qualitative data.  

3.2.1 Students enjoyed learning using low-cost sensors 

Similarly, learning using low-cost air quality sensors has received positive feedback from most studies, as 
emphasised by one student:  

“The ability to use the air quality sensors to take our own data around campus is definitely a 
highlight.” 
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The sensors are new to all students. At the beginning, some students may worry about the difficulty of using 
them. However, after the demonstration, students started to like using it to learn air pollution. One student 
described his/her exciting experience as follows:  

“On first consideration, I had preconceptions that they’d be high-tech and hard to control and 
use, and I had no clue how we were going to be measuring the data. When we were first 
introduced to them, all of my worries disappeared. They were so simple to figure out and had the 
most useful App on the phone to connect to and find all the data, and there were never really any 
problems with the collection.” 

3.2.2 Learning using low-cost sensors improves students’ professional skills and employability 

For the Environmental Science/Engineering programme, it is crucial to equip students with practical skills 
through field and laboratory teaching (Davies, 2008). Despite the restrictions imposed by the COVID-19 
lockdown and social distancing, the low-cost Flow 2 sensors can directly measure air quality, avoiding the risk 
of virus infection when studying in the indoor laboratory. Learning in the living laboratory, the university 
campus outdoors, students obtained practical skills, particularly, using sensors, that improved their 
employability. For example, one student explained:    

“This project has also allowed me to increase my knowledge of using different equipment for 
needs, specifically air quality sensors. This is an important skill to learn as in my professional 
career, (as) I may need to use this type of data collection.”  

3.2.3 Team-based learning using low-cost sensors creates a learning community 

COVID-19 has seriously impacted many students, for example, the mental health problem during online 
learning, but learning using low-cost sensors in small groups has brought some positive changes to students’ 
lives. One student exemplified this as follows:   

“I believe working as a team for this project has had positive effects on both my studies and 
everyday life. Working as a team has given me the opportunity to collect and work with large 
amounts of data which I wouldn't have been able to collect if I was working alone. Working as a 
group has positively impacted my daily life as it has given me an opportunity to make new friends 
with similar interests which has been a challenging part of university so far due to COVID-19.” 

Another student shared an enjoyable personal experience:  

“I enjoyed working with my teammates and learnt new things from them as well. I also met new 
people.” 

4. Discussion 
The different types, models and teaching efficiencies of online and blended education have been researched in 
the last decade, particularly an increasing number of studies since the COVID-19 pandemic (Megahed and 
Hassan, 2022; Mulenga and Marbán, 2020; Murphy, 2020; Rose, 2020). In general, it is easier for theoretical 
subjects to transition to e-learning, but it is more challenging for other subjects with more laboratory and 
practical lessons (Krishnamurthy, 2020). Before the pandemic, online and hybrid education was rarely widely 
applied in Environmental Science/Engineering teaching, because of the strong tradition of field and laboratory 
teaching with hands-on experience. In a short period of time, the lockdown and partial lifting of lockdown later 
pushed the universities to conduct total online learning and blended learning afterwards. University staff had 
to deliver the new form of teaching with limited formal training. Importantly, new technologies and delivery 
modes need to align with study aims and produce a learning environment where students are able to build 
their own knowledge with hands-on experience (Megahed, 2014; Saghafi and Crowther, 2021). With the rapid 
development of ICT, integrating new technologies, such as portable sensors, can provide students the chance 
to engage in active learning and absorb the taught knowledge, based on their own practice (Chen and You, 
2010; Crowther, 2013).  
 
According to the technology integration matrix (TIM) (Jonassen et al., 2003), five technological integration 
levels (entry, adoption, adaptation, infusion and transformation) and corresponding five different study 
characteristics (active, collaborative, constructive, authentic and goal-directed) appear in the study process. 
The burgeoning of blended learning during the COVID-19 pandemic has already adopted, adapted, and infused 
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various digital tools, such as MS Teams and portable sensors in this study, in the continuum of teaching and 
study (Figure 6).   
 
In the last two decades, technology, pedagogy and content knowledge (TPACK) model and a gradual release of 
responsibility (GRR) model have been increasingly applied in teaching (Figure 6). The TPACK model introduces 
the interaction among technology, pedagogy and content knowledge, and provides a framework to better 
facilitate the three basic components (Eutsler, 2022; Koehler and Mishra, 2005; Saudelli and Ciampa, 2016). 
The GRR model, with appropriate teaching and support, provides a scaffold of student learning responsibility 
and helps students develop to be an independent learner and explorer, thorough demonstration (instructor 
does and students watch), shared demonstration (instructor and students do together), guided practice 
(students do it and instructor watches/guides) and independent practice (Students do it alone) (Fisher and 
Frey, 2013; Miller, 2002).  

 
Figure 6: Low-cost sensors used in blended learning based on the technology, pedagogy and content 

knowledge (TPACK) model and the gradual release of responsibility (GRR) model (adopted from 
(Botha and Herselman, 2015; Eutsler, 2022; Fisher and Frey, 2013; Koehler and Mishra, 2005; 
Megahed and Hassan, 2022; Saudelli and Ciampa, 2016)) 

This research applied the TPACK model, integrating the new technology (portable low-cost sensors) into the 
pedagogy and content knowledge. Students used the sensors, without access to laboratory during the 
pandemic, to measure different kinds of air pollutants and practice their skills and explore new local 
knowledge on air quality. The survey and interviews confirmed the positive feedback on learning using low-
cost sensors from students (Figures 3 and 4).  
 
To train students to become independent learners, the GRR model was applied in this research. Firstly, the 
instructor demonstrated how to use the sensors to measure air quality, while students mainly listened and 
watched. Secondly, the instructor and students used the sensors together, creating an environment where 
students can participate along with listening and watching. Thirdly, students used sensors with the instructor’s 
guidance and watching. Lastly, students applied sensors alone, providing an independent learning and 
reflection process. The survey data showed more than 90% of the students thought that their learning using 
low-cost sensors “develops abilities as an independent leaner” (Figure 3).  
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Field and laboratory learning makes an enormous contribution to the development of students’ professional 
skills and indispensable life skills, such as communication and teamwork skills. Irrespective of any measures 
adopted, universities need to maintain high academic standards and provide good learning experience 
required for delivering learning outcomes. For situation without access to low-cost sensors, it is still important 
to produce virtual field and laboratory learning experiences that incorporate photos/results from the field and 
equipment in the laboratory (Endean and Braithwaite, 2012). Unfortunately, some graduates may suffer from 
little laboratory practice and skills in the COVID-19 pandemic, probably a long-term, even life-long, 
disadvantage (Daniel, 2020). Some training, for example, vocational education, is needed for this cohort of 
students.   
 
This research offers several implications for pedagogic practices and research. Firstly, the successful 
application of low-cost sensors in the author’s teaching sheds light on the appealing potential of expanding the 
application of low-cost sensors in Environmental Science/Engineering and other teaching programmes, such as 
Biology, Geography, and Ecology. In the post-COVID-19 era, students will gradually return to laboratories, with 
access to large and advanced equipment. However, low-cost sensors can still significantly supplement 
traditional laboratory education. In situations of equipment failure or unavailability of expensive equipment 
due to various reasons - for example, financial constraints - low-cost sensors can still play an essential role in 
increasing students’ practical skills after the pandemic. Undisputedly, low-cost sensors have some limitations, 
compared to the advanced and complicated equipment. All low-cost sensors, including the Flow 2 used in the 
current study, are subject to possible data bias (Giordano et al., 2021). Therefore, regular calibration of these 
sensors, along with using other equipment, is needed to improve data accuracy. Secondly, in addition to 
purchasing the sensors from the market, students can also assemble such sensors using different kinds of 
modules and boards, with supervision from teachers, in a process called the Educational Hardware Hackathon 
(Richard et al., 2015). Thirdly, it is still unknown when COVID-19 will completely end in the world and what 
other crisis pedagogy we may encounter in the future, so universities need to learn from the ongoing COVID-
19 pandemic and better prepare for the next one. The current study focused on the application of low-cost 
sensors in the environmental science/engineering programme education at one university. Future studies can 
further explore the application of low-cost sensors in different subjects at multiple universities in various 
countries. Studies with a larger scope can enhance our understanding of the contribution of low-cost sensors 
to students’ learning. 

5. Conclusion  
The Covid-19 pandemic has forced universities to employ e-learning and blended learning, with the 
consequence of accelerating their development in the last two years. Notably, students’ practical skills have 
been little developed by the online learning alone. In this study, the application of low-cost sensors, without 
access to laboratories and large equipment, has brought some opportunities to develop students’ hands-on 
experience and improve their professional skills and employability. Learning in small groups also creates a 
learning community, which is crucial in developing students’ teamwork and communication skills and 
improving mental health during the pandemic. Blending learning will likely become the new normal in the post 
COVID-19 era and reshape the future of education. These findings have important implications for developing 
students’ practical skills, not only for Environmental Science/Engineering students, but also for other 
programme students (e.g., Biology, Ecology, Medicine and Geography) in blended learning.  
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