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ABSTRACT

COVID-19 made a sudden transition from physical labs to online labs and changed the landscape 

of lab learning. In this work, we used the VISIR circuits module of remote laboratory platform Lab-

sLand®, together with the video conferencing platform Zoom, to simulate the real electrical circuits 

lab environment for a class of 38 students in the 2020 spring semester. In this paper, we studied 

the students’ perception and academic performance in the online lab settings in comparison with 

previous physical labs.
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INTRODUCTION

COVID-19 was an unprecedented event to trigger rapid implementations of online learning. This 

shift made inevitable the sudden transition from physical labs to online labs, which posed challenges 

for both instructors and students. Several studies have explored the feasibility, benefits, and challenges 

of online labs (Ma and Nickerson 2006; Brinson 2015). For example, a review of empirical research 

showed that student skill and content knowledge development could be equal or even higher in online 

labs in comparison to hands-on labs (Brinson 2015). Another study showed the importance of effective 

student guidance measures in the context of computer-supported inquiry learning with online labs, 

based on the inquiry phases orientation, conceptualization, investigation, conclusion, and discussion 

(Zacharia and Constantinou 2008). Additional studies on online lab usage in engineering courses show 

promising results (e.g., Curry, Craig, and Zhu 2016; Dixit et al. 2017; Santiago Jr et al. 2017).

In this work, we used the VISIR circuits module (Hernández and Zubía 2017) of remote laboratory 

platform LabsLand® (LabsLand 2020), in conjunction with the video conferencing platform Zoom, 
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to simulate a real electrical circuits lab environment for the 2020 spring semester. We investigated 

how students, who have experience using the real lab equipment, perceived the online lab in com-

parison with the physical counterparts.

METHODS

Implementation

The overall implementation is shown in Figure 1. The instruction of a class of 38 students was 

initially carried out in the actual physical lab. Following the announcement of the COVID-19 transi-

tion to online learning, a pre-test survey was used to capture student perceptions of the physical 

lab that was given to students. The online lab using Zoom and VISIR was treated as an interven-

tion. At the end of the intervention, a post-test survey about the online lab experience was given 

to the students. After all the data were collected, data analysis was carried out to determine how 

students perceived the online lab vs. the physical lab. The Appendix exhibits the questions in 

each survey. This paper focuses on selected findings that have salient implications for engineer-

ing education practice.

Physical Lab

When the semester began, students voluntarily formed lab groups of two or three members. Each 

week, groups completed lab activities, including calculation, simulation, and circuit assembly. Circuit 

assembly was conducted in an instructional lab equipped with breadboards, electronic components, 

and measurement tools (multimeters, oscilloscopes).

Figure 1. Flow of implementation and research methods.
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Online Lab

In order to allow lab teams to collaborate from a distance, a Zoom meeting was used as an in-

teractive and communication platform (Figure 2(a)). Each week, a brief introduction to the lab was 

given to the students. Then, student teams were each assigned to their own breakout rooms where 

they could complete lab activities together and request help from the instructor as needed. 

Lab activities were divided into three tasks: calculation, simulation, and virtual circuit  assembly. 

Virtual circuit assembly was conducted via the VISIR module in Labsland (Figure 2(b)). VISIR pro-

vided an online interface to allow students to build circuits that were automatically assembled and 

could be measured in a remote laboratory located at the University of Deusto in Spain.

PRELIMINARY RESULTS

Overall, the online lab provided a safe and time-efficient environment for students to work to-

gether under the supervision of the instructor. However, students noted key differences between 

the physical and online labs that can inform instructional practice.

Qualitative Results

One difference between the physical and online labs was how students reported collaborat-

ing. As Figure 3 shows, students in the physical lab most often divided lab work evenly, while 

students in the online lab overwhelmingly divided labor based on teammates’ strengths in each 

Figure 2 .(a) Shows how the Zoom meeting was set up to run the collaborative task, 

(b) shows the VISIR interface, which simulates and connects to real electronic lab equipment. 
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lab task. Results suggest that collaborating online encouraged more intentional, role-oriented 

teamwork approaches, which has been shown to be a hallmark of successful workplace teams 

(Belbin 1981).

Students were also asked about the benefits and challenges of online labs. Table 1 shows the top 

five responses of each. The data suggest that online labs were beneficial in terms of the ability to 

access the lab, ease of execution, and pacing. However, students also emphasized that, compared 

to physical labs, the software was not as intuitive, had a high learning curve, and that communica-

tion with partners and the instructor was less smooth.

Quantitative Results

A paired T-test was used to compare the numerical responses from both surveys. Table 2 sum-

marizes the results. All items used a Likert scale from 1 (strongly disagree) to 5 (strongly agree). On 

average, students rated both labs positively on all items, but most students found the physical labs 

preferable in terms of accessibility, practical experience, and ability to iterate. Importantly, students 

Table 1. Top five benefits and challenges of the online labs.

Benefits Challenges

High accessibility, multiple access The online lab is less intuitive than the physical lab

Can work on the labs at a personal pace in an own remote 
environment.

The software could be more user-friendly/high learning 
curve.

No lab cleaning issues More difficult to ask for help

Easier to run the simulation More difficult to diagnose and resolve errors in the circuit

Encourage self-learning Communication with lab partner is less smooth

Figure 3. Student responses to the question, “how does your level of knowledge regarding 

lab skills affect how you and your partner divide labor during labs?”
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reported the online lab was comparable with the physical lab in terms of instructor availability and 

student collaboration, both of which are crucial to the teaching and learning process.

Lab Score Results

In addition to the student surveys, the lab scores were recorded, and the comparison was made 

between physical lab and online lab groups. For example, there is no significant difference between 

the scores of one specific lab topic—Wheatstone bridges at the significant level of 0.05. This finding 

was generally true for other topics covered during the online labs.

CONCLUSIONS AND NEXT STEPS

The results suggest online labs successfully cultivated teaching and learning conditions remi-

niscent of a physical lab environment in an online setting. To address the challenges of online labs, 

several measures could be taken:

1. Even realistic online lab interfaces may be unintuitive for students. Learn the interface’s quirks 

and be prepared to spend a significant amount of time helping students overcome learning 

curves.

2. Online labs require more formal, intentional means of student collaboration than physical labs. 

Consider prefacing labs with a discussion of what effective real-world teamwork looks like, and 

how role-taking can help students build teamwork skills (Belbin 1981).

Table 2. Comparison of responses from physical and online lab surveys using paired 

t-tests. The level of significance is 0.1 to accommodate the relatively small sample size.

Significant difference (p < 0.1)

Survey item P-Value

Mean of the numerical 
response of the physical lab 

(1–5) 

Mean of the numerical 
response of the online lab 

(1–5) 

The number of 
paired responses 

(sample size)

•	 Accessibility of team activities 0.06 4.58 4.12 26

•	 Lab accessibility 0.08 4.50 4.04 27

•	 Practical experience 0.08 4.35 3.85 27

•	 Quick solution iteration 0.004 4.00 3.54 27

Insignificant difference (p > 0.1)

•	 Availability of the instructor 0.75 4.47 4.54 26

•	 Safety 1 4.58 4.58 27

•	 Complete labs efficiently 0.17 4.38 4.04 27

•	 Ability to work together 0.18 4.46 4.08 27
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3. As in physical labs, students need access to the instructional team for questions about the lab 

activities and interface. Structure labs to maximize students’ ability to receive help from the 

instructor or assistant(s). 

Following these guidelines with appropriate online lab software can provide an environment for 

collaborative engineering lab work that students can experience regardless of their physical  location 

or access to lab hardware.

ACKNOWLEDGMENT

The Institutional Review Board of the University of Georgia approved this research under protocol 

ID PROJECT00001996. The author team is not affiliated with LabsLand beyond the use and study 

of its remote lab services.

REFERENCES

Belbin, R.M. 1981. Management Teams: Why They Succeed Or Fail. Oxford: Heinemann.

Brinson, James R. 2015. “Learning outcome achievement in non-traditional (virtual and remote) versus traditional 

(hands-on) laboratories: A review of the empirical research.” Computers & Education 87: 218–237.

Case, Jennifer M., and Gregory Light. 2011. “Emerging Research Methodologies in Engineering Education Research.” 

Journal of Engineering Education 100 (1): 186-210. https://doi.org/10.1002/j.2168-9830.2011.tb00008.x. http://dx.doi.

org/10.1002/j.2168-9830.2011.tb00008.x .

Curry, James C, Brian Craig, and Weihang Zhu. 2016. “An Online 2+ 2 Bachelor’s Degree Program Track in Industrial 

Engineering at Lamar University.” 2016 ASEE Annual Conference & Exposition.

Dixit, Abhinav, Sameeksha Katoch, Photini Spanias, Mahesh Banavar, Huan Song, and Andreas Spanias. 2017. “Develop-

ment of signal processing online labs using HTML5 and mobile platforms.” 2017 IEEE Frontiers in Education Conference (FIE).

Hernández, Unai, and Javier García Zubía. 2017. “VISIR REMOTE LAB: Resistors in serial and parallel “. Accessed June 

15. https://labsland.com/pub/docs/experiments/VISIR/labsland_materials_Resistor_VISIR_en.pdf .

LabsLand. 2020. “LabsLand - Home.” Accessed June 15. https://labsland.com/en .

Ma, Jing, and Jeffrey V Nickerson. 2006. “Hands-on, simulated, and remote laboratories: A comparative literature 

review.” ACM Computing Surveys (CSUR) 38 (3): 7-es.

Miles, Matthew B., A. M. Huberman, and Johnny Saldaña. 2014. Qualitative data analysis: a methods sourcebook. 3rd 

ed. Thousand Oaks, Ca: SAGE Publications, Inc.

Santiago Jr, John M, Jing Guo, D Eng, Kathy Kasley, and Pamela Phillips. 2017. “Introduction to Engineering Using Google 

Docs and Interactive Video in Support of an Online Flipped Classroom Approach.” American Society for  Engineering 

Education (ASEE): Pacific Southwest Section, Tempe, Arizona, USA.

Zacharia, Zacharias C, and Constantinos P Constantinou. 2008. “Comparing the influence of physical and virtual 

manipulatives in the context of the Physics by Inquiry curriculum: The case of undergraduate students’ conceptual 

 understanding of heat and temperature.” American Journal of Physics 76 (4): 425-430.

https://ovpr-click-prod.ovpr.uga.edu/irb/sd/Rooms/DisplayPages/LayoutInitial?Container=com.webridge.entity.Entity%5bOID%5bF33A1682093DD941846D051022214E3B%5d%5d


FALL 2020 VOLUME 8 NUMBER 4 7 

ADVANCES IN ENGINEERING EDUCATION

A Comparative Study of An Online Lab Using Labsland  

and Zoom during COVID-19

AUTHORS

Rui Li is currently working towards Ph.D. at the College of Engineering, Uni-

versity of Georgia. Before that, he received his M.E. from Imperial College London 

in 2009. From 2011–2016, he was an engineer at the Central Television Tower, 

Beijing, China. Rui Li is the author of over 20 technical publications, proceedings. 

His research interests include engineering education, remote/online laboratory, 

and student motivation.

John R. Morelock is the Associate Director for Educational Innovation and 

Impact at UGA’s Engineering Education Transformations Institute (EETI), where 

he coordinates faculty and graduate student professional development oppor-

tunities, including EETI’s monthly engineering education Forum, annual travel 

grant program, and the College of Engineering’s graduate TA pedagogy course. 

He received his doctoral degree in Engineering Education at Virginia Tech, where 

he was a recipient of the NSF Graduate Research Fellowship. His dissertation 

studied the teaching practices of engineering instructors during game-based learning activities, and 

how these practices affected student motivation. His research interests include engineering faculty 

development, institutional change, student motivation, game-based teaching and learning, gamified 

classrooms, and engineering faculty collaborations around the scholarship of teaching and learning.

Dominik May is an Assistant Professor in the Engineering Education Transfor-

mations Institute. He researches online and intercultural engineering education. 

His primary research focus lies on the development, introduction, practical use, 

and educational value of online laboratories (remote, virtual, and cross-reality) 

and online experimentation in engineering instruction. Dr. May is Vice President 

of the International Association of Online Engineering (IAOE). Furthermore, he 

serves as Editor-in-Chief for the International Journal of Emerging Technolo-

gies in Learning (iJET). Dr. May has organized several international conferences in the Engineering 

Education Research field. He is currently program co-chair and international program committee 

member for the annual International Conference on Remote Engineering and Virtual Instrumenta-

tion (REV) and served as a special session committee member for the Experiment@ International 

Conference Series (exp.at).



8 FALL 2020 VOLUME 8 NUMBER 4

ADVANCES IN ENGINEERING EDUCATION

A Comparative Study of An Online Lab Using Labsland  

and Zoom during COVID-19

APPENDIX: DATA COLLECTION SURVEYS

Online lab survey

Quantitative questions

Q1

Q2

Q3
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Q4

Qualitative questions

 Q5:  How does your level of knowledge regarding lab skills affect how you and your partner divide labor during online 
labs?

 Q6:  If you or your lab partner contributed a higher percentage to online lab activities than the other person, why do you 
think that is?

 Q7: What do you see as the main benefits of working as part of a pair during online labs?

 Q8: What do you see as the main challenges of working as part of a pair during online labs?

 Q9: What do you see as the main benefits of online labs (as opposed to in-person labs)?

Q10: What do you see as the main challenges of online labs (as opposed to in-person labs)?

Physical lab survey

Quantitative questions

Q1

Q2
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Q3

Q4

Qualitative questions

Q5:  Reflecting on your responses to the questions above, how does your level of knowledge regarding lab skills affect how 
you and your partner divide labor during labs?

Q6:  If you or your lab partner contributed a higher percentage to lab activities than the other person, why do you think that is?

Q7: What do you see as the main benefits of working as part of a pair during labs?

Q8: What do you see as the main challenges of working as part of a pair during labs?




