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Abstract—The online experimentation is in expansion in 
Higher Education Institutions, with a dynamic extension to 
all scientific areas. The integration of online labs in higher 
educational courses constitutes a significant financial saving 
way for the institutions with multiple benefits for student's 
learning. Without access and usage time restrictions, these 
labs provide a wide range of experiments, performed indi-
vidually or in groups, repeated as often as needed, without 
any space or time restrictions, just imposing the Internet 
access is available and in good conditions. This paper de-
scribes a use case application of a web platform that inte-
grates, monitors and controls different technologies, such as 
Wireless Sensor Networks, Virtual Sensor Networks and 
Data Acquisition Boards, through an Internet accessible 
RESTful API, using low-cost devices such as the Raspberry 
Pi.  In this context, a remote laboratory is developed for 
students programming in Python, based on such platform to 
improve their programming skills, overcome their difficul-
ties in CS1 and CS2 courses, and give the ability to interact 
to physical world through practical examples. 

Index Terms—Online experimentation; programming in 
Python; remote labs; remote sensing; wireless sensor net-
works. 

I. INTRODUCTION 
Laboratory activities, fundamental for the development 

of skills related to problem solving, the linkage between 
theory and practice, experimentation and encouragement 
of creativity, can now benefit from the online labs ([1], 
[2], [3]).  

The online experimentation is in expansion in Higher 
Education Institutions, with a dynamic extension to many 
scientific areas [4]. The integration of online labs in higher 
educational courses constitutes a significant financial 
saving way for the institutions with multiple benefits for 
student's learning. Without access and usage time re-
strictions, these labs provide a wide range of experiments, 
performed individually or in groups, repeated as often as 
needed, without any space or time restrictions, just impos-
ing the Internet access is available and in good conditions.  

During the first year, some Computer Science study cy-
cles do not require CS1 (introduction to programming) 
course as a formal prerequisite for attending CS2 (basic 
data structures) course [5], allowing students to attend the 
latter without having the required knowledge. Besides the 
supplementary effort for both students and teachers in 
overcome it, academic results are not satisfactory. This 
problem has been subject of reflections and many contri-

butions for the continuous improvement of the program-
ming teaching/learning process (e.g., [6], [7] and [8]). 

Many programming educational projects have been 
widely used in various approaches, contributing to pro-
mote programming skills in students and overcome their 
difficulties. Some of these projects include the adoption of 
interpreted languages, such as Python, to teach basic and 
intermediate programming courses for young people [9]. 
Taking advantage of a syntactic language simplification, 
these approaches intend to provide a more accessible and 
attractive learning way more focused on the problem solv-
ing rather than on programming language itself.  

With the advent of Internet of Things, the actual ap-
proaches to develop programming skills, such as algo-
rithm thinking and logical reasoning, in 1-year-computer 
science students, based on project-oriented learning pro-
cesses, can be extended to use experimental setups with 
low cost microcomputers.  

In this paper, we describe a use case application of a 
web platform that integrates, monitors and controls differ-
ent technologies, such as Wireless Sensor Networks, Vir-
tual Sensor Networks and Data Acquisition Boards, 
through an Internet accessible RESTful API, using low-
cost devices such as the Raspberry Pi [10].  In this con-
text, a remote laboratory is developed for students of a 
CS2 course of Informatics - Networks and Multimedia at 
the University of Azores programming in Python. The 
remote laboratory was integrated in the project component 
assessment of the course and it intended to improve the 
quality of academic projects, by providing students the 
ability to do remote experimentation with real systems, in 
real-time and with fewer access restrictions, and also con-
tributed to improve their programming skills and over-
come their difficulties in CS1 and CS2 courses. Compar-
ing with the academic results obtained on the previous 
years, the remote lab contributed to a higher percentage of 
students enrolled in the projects and increased the percent-
age of positive grades. 

II. OVERVIEW OF THE PROJECT 

A. Students and course characterization 
The experience took place during the second academic 

semester in 2015 (between February and June). The CS2 
course aimed to provide basic knowledge on elementary 
data structures and algorithms, in the context of the object-
oriented paradigm [11]. It has 6 ECTS, corresponding to a 
total of 168 working hours for students divided by 63 
contact hours and 105 autonomous work hours.  
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77 students are initially enrolled in the course. Each 
topic of the syllabus is developed in the classroom, with 
several illustrative examples of the most important con-
ceptual and technical aspects. A group project assessment 
component assumes relevance in the overall assessment of 
the course, allowing a supervised autonomous teamwork. 
This component is composed by several inter-related 
small projects developed during the semester and occupy-
ing the autonomous work hours, allowing a gradual appli-
cation of knowledge. An agile methodology based on 
Scrum [12] is adopted to supervise the work of all student 
teams, trying to overcome the student’s difficulties of 
learning as soon as possible and discouraging them to 
accumulate doubts. An agile methodology is also recom-
mended for each team management. The development of 
each small project is phased, and may have multiple in-
termediate deliveries, and ends with a presentation and 
discussion meeting, resulting in a quantitative assessment 
of the project. The assessment included penalties for non-
compliance of the intermediate deliverables and supple-
mentary values for solutions that were not limited to the 
points outlined in the statement. Regrouping of students is 
allowed after the delivery of each project. It is intended to 
promote the creation of new teams with students who are 
subject to an overload of work due to withdrawal of the 
remaining group of colleagues, and that may discourage 
deeply. 

B. Projects description 
Projects involve remote interactions with a Web plat-

form connected with a RaspberryPi, which is connected to 
a wireless sensor network (WSN) used for measure air 
temperature, humidity and luminosity, in distributed in 
different locations of in Lab of Industrial Informatics and 
Systems (LIIS) of the University of Coimbra. Data ac-
quired from the sensors are sent through the WSN to the 
Raspberry Pi and are recorded with a given sampling time. 

The experience had begun with a simple project, the 
shorter and less demanding. Its main goal was to evaluate 
students' knowledge at the level of a CS1 course, giving 
opportunity to students to overcome, as soon as possible, 
the difficulties that they should have, and thus reducing 
their risk of failure in the CS2 course.  The main task for 
students was to develop a small Python application to 
display, for each location node and also for entire net-
work, descriptive statistical information about the data 
collected by sensors. All data and results should be saved 
in CSV files for further use [13]. Students could run re-
motely their Python programmes on the RaspberryPi. The 
platform includes quizzes for self-assessment and forums 
to promote the clarification of questions on the use of the 
remote system and troubleshooting on programming. 

The second project was the more critical project in the 
sense that its success would determine the success of the 
later project. The project intends to develop an application 
to support the management of greenhouses. Each green-
house is connected to a WNS and has a set of control 
parameters for desirable environmental conditions (e.g., 
air temperature, humidity, luminosity) to operate without 
external intervention (e.g., opening/closing windows, 
turning on/off light). The application should provide to 
collect data in real time from WSN sensor and get infor-
mation from several filters (e.g., greenhouses with certain 
products /certain products in certain states of maturation / 
intervention needs).  

An extension of the second project to provide the man-
agement of greenhouse graphs and applies some graph 
algorithms (e.g., shortest path, all paths) and sorting algo-
rithms based on ordered trees to obtain information from 
several filters, characterized the third project. 

An implementation of a Remote Lab for Python Pro-
gramming (RLPP) to simulate real conditions of air tem-
perature, humidity, and luminosity from the interior of a 
house, such as a greenhouse, allowed, using an online 
platform, students could obtain data in real time, from a 
remote system.  

III. THE REMOTE  LAB 
A Web platform that integrates, monitors and controls 

different technologies, such as Wireless Sensor Networks, 
Virtual Sensor Networks and Data Acquisition Boards, 
through an Internet accessible RESTful API, using low-
cost devices such as the Raspberry Pi is applied to develop 
the RLLP, whose architecture is shown in Fig 1. The 
front-end was developed on a Model View Controller 
framework used to create the entire interface, including 
file submission and download, camera visualization and 
web socket communication to the back-end server that is 
running on a Raspberry Pi.  

The activity to support project 1 described in the previ-
ous section consisted in building programs and run them 
remotely on a RP, which is connected to a WSN. The 
WSN has 3 sensor nodes distributed on different locations 
of LIIS that measure temperature, humidity and luminosi-
ty [13].  

For this activity it was developed a Python module with 
a set of functions to fetch data from the WSN was devel-
oped so that the students only had to develop the core part 
of the program without worrying on understanding how 
the interaction with the platform is made. To the access to 
the remote laboratory, a management system was provid-
ed by the platform, based on a First Come, First Served 
policy, with the establishment of a maximum threshold for 
individual usage time. In Fig. 2 it is possible to observe 
the setup environment. 

To carry out the project of a registered student, the pro-
cedure for testing the code involves the following steps: 
(1) Login to the platform; (2) Submission of a file with the 
program in Python; (3) Waiting for the turn to run the 
users code; (4) Program execution with visualization, in 
real time, of the results shown in a Raspberry Pi monitor; 
(5) Download of a file with data recorded. 

After a user’s program execution and if it did generate 
any file, it is always available through the main menu of 
the platform. A sample test file is shown if Fig. 3.  

For projects 2 and 3, the interaction with the platform is 
made through a RESTful API that has endpoints to fetch 
recently collected data, fetch data that was previously sto- 

 
Figure 1.  Architecture of the Remote Laboratory for Programming in 

Python. 
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Figure 2.  Photo describing set up environment. 

 
Figure 3.  Sample file test to access the web platform. 

red on a database, fetch information about a given net-
work and fetch all the available networks, virtual or real. It 
was implemented 9 virtual WSN with the same behavior 
of the real WSN. 

IV. RESULTS 
Comparing with the results obtained on the previous 

years, this remote lab contributed to a higher percentage of 
students enrolled in the projects and an increase of the 
percentage of positive grades. To be more specific, in the 
previous academic year, 2013/2014, the course had a total 
of 23 students that completed all the evaluation processes 
and this academic year, 2014/2015, there was a total of 32 
students. The number of registrations on all of the projects 
in 2013/2014 was 31,08% of 74 students and this year the 
numbers raised to 41,56% of 77 students. Once again, this 
validates the use of real and interactive experiments con-
tributes to a high-quality learning experience and moti-
vates students to participate on the projects. 

All of the interactions with the application of RLPP for 
project 1 were stored and counted for statistical purposes. 
During the group project, the total number of requests was 
8933 and of those, 2370 were file uploads 520 file down-
loads. As we can see in figure 7.7, of the total number of 
uploads, there was a success rate of 72% and 28% of the 
submissions had errors. 
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