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Villar-Martínez’ PhD Thesis
Title: “Improving the Reliability and Sustainability of Remote Laboratories 
Through New Architectures Oriented  to Concurrency and Fault Detection”
• Chapter 5 – Evaluation of the WebLabPRO Architecture
• (…) carried out in a real and uncontrolled environment provided by LabsLand. The 

WebLabPRO architecture was integrated into LabsLand's remote FPGA experimentation 
laboratories, and validation results were obtained through its use. Results were 
obtained using the traceability and learning analytics mechanisms provided by the 
LabsLand platform. This took place over a period of more than two years, with the 
participation of hundreds of students from various countries and of different 
educational levels, who have carried out 72,377 remote experimentation sessions.

31/42



Gustavo R. Alves
Polytechnic of Porto, Portugal

Invited presentation @ DECEL (Digital Electronics Collaborative Enhanced Learning) 
project meeting – FEUP, Porto, Portugal – January 26th, 2023

Several parameters related to each experimental session 
were recorded and stored daily, i.e.:

• Date
• Number of available experimentation instances
• Number of experimentation sessions carried out
• Number of users served
• Maximum position reached in the waiting queue
• Maximum time reached in the waiting queue, in seconds
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More about the parameters:

1. Number of experimentation instances available.

2. Number of days of the subperiod.

3. Number of days of the subperiod in which there 
was at least one use.

4. Total number of experimentation sessions 
carried out in the sub-period.

5. Maximum number of experimentation sessions 
carried out in one day.

6. Average number of experimentation sessions 
carried out in one day.

7. 90th percentile of the number of 
experimentation sessions carried out in one day.

8. Maximum number of users served in one day.

The maximum values help to identify the worst situations of the laboratory, while the mean and the 90th

percentile of the data help to understand the performance of the laboratory in 90% of the occasions.

9. Average number of users served in one day.

10. 90th percentile of the number of users served in one day.

11. Maximum position reached in the queue in one day.

12. Average position reached in the queue in one day.

13. 90th percentile of the position reached in the queue in one day.

14. 99th percentile of the position reached in the queue in one day.

15. Maximum time reached in the waiting queue, in seconds, in a 
day.

16. Average time reached in the waiting queue, in seconds, in one 
day.

17. 90th percentile of the time reached in the waiting queue, in 
seconds, in a day.

The previous parameters led to the following metrics:
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Villar-Martínez’ PhD Thesis
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An open conclusion …
• Only by opening instructional labs to both teachers and students, by 

virtualizing them or making them remotely accessible, will it be possible to 
guarantee practical classes (in STEM education) to ALL.
• This will allow them to do more experiments, both in normal and pandemic 

situations.
• Only by offering a reasonable blend of hands-on, simulations and remote 

experiments, will it be possible to create a sustainable scenario where 
students acquire the right level of experimental skills.
• It is particularly important to guarantee that these non-traditional 

laboratories are reliable and positively contribute to education, through the 
adoption of proper didactical approaches.
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Finally …
• Designing, implementing and maintaining a remote lab is not a trivial task … 

it requires an whole ecosystem to guarantee both its usability and reliability.

• Raul Cordeiro’s PhD thesis (NOVA University Lisbon, Portugal) proposed an 
evolution model for remote and virtual labs, which emphasises the 
importance of creating positive feedback loops, including the generation of 
start-up companies (e.g., similar to LabsLand) able to support existent NTL 
and to develop new ones.
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Thanks for 
your attention!

Questions?




