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1. EXECUTIVE SUMMARY
Virtual Learning Environments (VLE), also known as Learning Management Systems (LMS) are online
platforms developed to support distance learning using the internet and internet connected devices.
VLE platforms have been in use for more than two decades to support remote learning. Various VLE
platforms are in use today, including Moodle, an open source system that is widely used in more than
230 countries (https://moodle.net/stats) or commercial products such as Blackboard and Adobe
Captivate. These platforms are used to deliver and administer content and educational activities to
remote users (Blau & Hameirie, 2010) and were developed to support online learning in environments
and settings were the learner is usually not capable of attending regular face to face meetings with
the instructor (Kareal & Klema, 2006).
After assessing various different versions of VLE platforms, it was decided to use an open source
solution. The Moodle VLE was selected as the main platform for the reasons below:
•
•
•

It is a well-established VLE used in various schools, governments and academic institutions in
more than 230 countries
It is an open source platform, requiring no licensing costs
It can be easily modified and adapted to serve multiple target groups (teachers, parents,
students, researchers)

Virtual Learning Environments are not new to European Commission funded projects, and most
academic institutions are selecting to use Moodle or other open source platforms, for the benefits
mentioned above.
Additionally, we acknowledge that users are not restricted to using computers (either desktops or
laptops) to access the internet but they rather use a multitude of different devices. As such, the
BotSTEM Game, a series of drill and practice activities developed to assess STEM knowledge and
experience, was converted from an Adobe Flash-based application to a fully HTML5-compliant one.
By transferring all assets to an HTML5 version of the application, we have made it compatible to any
HTML5 compliant device, including most smartphones and tablet devices sold in the past 8 years. The
Game is also integrated into the VLE but can also run as an independent browser-based application.
Activity leading organization: IDEO
Participating organisations: All
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2. INTRODUCTION
The Intellectual Outpout IO2 requires the development and deployment of the VLE, including all
original multilingual content developed based on the Toolkit. It is aimed towards educators, policy
makers but also is suitable for parents and students. Additionally, the VLE is also hosting the BotSTEM
Game, developed initially in Adobe Flash (prototype and testing unit) and converted to HTML5. The
VLE development and deployment, as well as the HTML5-compliant BotSTEM Game development, are
discussed in the next paragraphs.

3. The Moodle VLE
The Virtual Learning Environment (VLE) was developed by IDEO, in collaboration with all the BotSTEM
partners. After assessing various alternatives, as mentioned above, Moodle was selected as the
primary VLE for the project. It is an open source learning platform, which means it has no added
licencing costs, and at the same time it is a widely used solution for asynchronous learning with proved
results. The first version was based on the original templates included in the standard installation
(version 3.x). We decided to install Moodle on its own (virtual) server, and the domain name
“BotSTEM.org” was acquired.

3.1.

Development of the VLE

The first version of the VLE was based on the standard “look and feel” of Moodle, without any
modifications to the user interface. It included all necessary logos for the project, and the first (lesson)
page was created to host the material developed by the BotSTEM partners. In Moodle, all lesson pages
are called “Courses” and work in similar way as a normal face to face course. For example, title,
content and activities are created and students are assigned to the specific course, as well as their
teacher. Teachers can create activities, introduce discussion forums, add hyperlinks to other websites,
upload material, and grade assignments. The first version of the VLE, for testing purposes, was ready
by January 2018, and it was populated with content by April the 1st, 2018.

5

Image 1: Version 1.0 of the VLE

3.2.

Structure of the main course

The main VLE Course was developed as part of the BotSTEM Toolkit, and it was presented
within a (lesson) page in all languages of the project, including English.
All partners discussed the possibility of creating multiple courses, one for each topic – one
for Science, one for Technology, for Engineering and for Mathematics. This approach would
have made it easier to identify specific content. Some of the benefits of a multiple course
approach were:
•

Simpler structure of course pages, based on the topic (ie Engineering)

•

Easier to identify content

•

Teachers usually need content based on the subject they teach

However, after discussions between the partners, it was decided that a single course
approach would be taken. Some of the benefits of the single course approach were:

3.3.

•

All content in one course page

•

Single forum for all teachers, creating a sense of community for all

•

Simplifies administration

•

STEM subjects are, by nature, cross-curricular

Structure of the content

All partners contributed to finalising the content of the main Course. It was necessary to
create an introductory paragraph for new users of the VLE (and the Course), with a short
description of the BotSTEM project.
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Image 2: Introduction to the main Course page
Additionally, multi-lingual forums were created for all teachers, as well as a main forum in
English. Each partner developed a different section in the Course, with translation of the
Toolkit in all languages, including English. Partners also developed short videos to explain to
new teachers and visitors about STEM and STEM Methods. All videos were translated in the
main languages of the project, including English.
The main structure of the course is:
•

Introduction to BotSTEM

•

Discussion Forums (English, Spanish, Swedish, Italian, Greek)

•

What is STEM? - video and presentation on STEM subjects

•

STEM Methods – videos and additional material on Methodologies for integrating
STEM approaches

•

Computational Thinking – video and material, including links, on Computational
Thinking

•

Robots and Inclusion – video on robotics and additional material

•

Assessment – video and assessment rubric for BotSTEM activities, in all (project)
languages

•

Additional Resources – including major robotics and coding events

•

Articles about botSTEM

•

botSTEM research papers
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3.4.

First implementation with teachers

Each partner assigned teachers in the VLE, and user accounts were created for testing the
content and the functionality of the platform. Partners sent comments, including any
problems identified by users regarding the access to the platform and content, while IDEO
performed usability testing on the VLE using various devices (laptops, smartphones, tablets)
to ensure all users, from all devices, can access the content. During the first period of
implementation of the VLE, partners contacted teachers from their respective countries to
participate in the course developed, in order to test the functionality of the platform and the
content developed.
During the period between April to June 2018, more than 40 teachers were testing the VLE
with various responses and feedback, identifying usability issues and other technical
difficulties. It must be noted, that, based on partner input, there was a lot of resistance from
teachers in some countries in using the VLE. Whenever a new system is introduced, and users
are asked to use it, it is not uncommon for users unfamiliar with a VLE or any other complex
system to resist its use. Davis, Bagozzi and Warshaw (1989), in their Technology Acceptance
Model (TAM), have tried to identify all variables that affect how users perceive and
subsequently use or reject a new system.
Perceived
Usefulness
External
Variables

Behavioral
Intention

Usage
Behavior

Perceived
Ease of Use
Figure 1: Revised Technology Acceptance Model

3.5

Upgrades & Usability improvements on VLE

To improve the VLE and to encourage more users (mainly teachers) to use it, we tried to identify (a)
what were the main obstacles in using a new system (b) what were the specific obstacles with the
existing users of the system we had already developed. Based on the TAM, we tried to focus on two
variables: Perceived Usefulness of the system, i.e. why it is important for the new users to use it, and
on improving the usability in order to affect the Perceived Ease of Use.
To improve usability, we redesigned the entire platform and we removed any items that might be
distracting. We also made sure that the new version of the platform was compliant with all devices
(computers, tablets, smartphones) and all information could be displayed with clarity, regardless of
the type of device or the screen size. In order to ease the ease of use of accessing the content, we
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allowed guest login to our main course pages and we also enabled automatic enrollment as well as an
open creation of user accounts by any visitor, using a valid email. However, the most significant change
is the openness of the material and all the course pages – users can access all content without the
requirement of an account. Therefore, guest access has been enabled in the entire VLE for everyone.

Image 3: Version 2.0 of the VLE

By adapting a clean front page, all visitors can focus on the main areas of interest, including
the BotSTEM Game, the main Course Page, as well as other secondary content (ie coding
games).
To improve the perceived usefulness of the VLE, a series of webinars were organized during
the European Code Week (October 2019) and the European Robotics Week (November
2019) to promote the events, to discuss about funding opportunities for school projects, and
also to promote the content and the BotSTEM Toolkit. The webinars and the increased
functionality and ease of use of the new version of the VLE, enabled more teachers to create
accounts and use the platform, with the registered users increasing from 48 in June 2018 to
278 in November 2019.

9

Teacher Evaluation of VLE

3.6

To further improve the VLE and also to examine its use by teachers, a questionnaire was
developed by all partners, using Google Docs, and was directly linked both to the main course
page as well as the front page of the platform. Project partners informed a select group of
teachers from all participating countries to complete the questionnaire. In total, 14 teachers
completed and submitted their answers, comprising of 15 questions regarding the ease of
use, accessibility and content of the VLE. Almost all (80%) of teachers answered that they
faced no troubles interacting with the platform. When asked to elaborate, they reported that
some links to articles were inaccessible and this was corrected.
The main advantage of the courses in the VLE was its practicality (80%), its innovation (60%),
the open and free nature (50%) and the time efficiency the content allowed the teachers
(20%).
One of the main disadvantages found with the courses was the time required to work with
all the content (50%), some trouble with the navigation (20%) and some technical issues
(10%). In order to improve the navigation and resolve some technical issues, the VLE was
updated to the latest version of Moodle (version 3.9.2 as of 20/09/2020) and guest access
was enabled to take guests directly to the course page and not to a login page.
When asked about the accessibility to the content of the main course, 20% suggested that
they had some troubles with the main course. Of those, 33% claimed they had accessibility
problems from specific web browsers, 33% that they found inaccessible articles and 33% had
trouble with the structure of the website. In order to improve those issues, we updated the
platform to the latest version to make sure it supports all browsers, checked and corrected
all links to articles and made changes to the colors of each section to ensure content is more
visible.
Teachers were asked to identify the single most useful feature of the main course. They
identified the innovation, links to resources, the toolkit itself and the open nature of the
activities as significant and important aspects
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4. BotSTEM Game Development
The BotSTEM Game (or ‘Game’) was developed by all partners as a multi-lingual set of activities for
students to test their knowledge in STEM areas, including programming.

4.1.

Development of first version – Topics and Questions

The first version was created using the (at the time) de facto multimedia standard for content
development, Adobe Flash. The partners developed a series of questions with multiple possible
answers, on STEM topics (Science, Technology, Engineering, Mathematics), including specific
questions for robotics and programming. The game was developed to be used by teachers, with
students above the age of 7 years old. It was created as a tool for teachers to identify and deal with
different aspects of the scientific method, the engineering and design process and (robotics)
programming. During the design of the game, graphics were produced and used that avoid gender
issues (ie promoting the false assumption that scientists are male). All users could select their own
language at the beginning of the game (ie English).

Image 4: Main Screen – Language Selection

Once the language was selected, students were greeted with an image of a student in front of a school
board, introducing the activities. In this virtual environment, students were faced with a familiar image
of a classroom, associating the content and activities with their schoolwork, and introduced by a
friendly cartoon-like character. This character would also give feedback, based on their answers.
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Image 5: Introductory Screen

4.2 Content of BotSTEM Game
The Game consists of five sets (sections), each containing ten questions. For each choice, feedback is
given by the onscreen character, regarding the choice. The feedback is always positive, in such a way
as to encourage the student to proceed, regardless of the answer. Students, especially of younger age,
require more encouragement in order to persist with some tasks and are more engaged in playful
activities (Gray, 2013).

Image 6: Multiple Choice Question with feedback

Based on the progress through the game, awards are given for every ten correct answers. Each award
is associated with a STEM subject. For example, a Notebook is awarded to students for completing the
first ten questions.
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Image 7: Student Award

Awards in educational games, such as badges (or items) give incentives to students to persist with
their task (Gafni et al, 2018). In this game, students can either continue with the rest of the questions
and gain more awards or exit to the main screen. Upon completing all questions, students have the
option to review their questions and view their score (how many correct from the first try, based on
a total score out of 49 questions).

Image 8: Quiz Review

By reviewing the quiz, students can find their mistakes and have the option to retake it, to improve
their total score. Alternatively, they can close the Game and stop their activity.

4.3 Redesign from Adobe Flash to HTML5
Initially, the Game was decided to be developed in Adobe Flash, the standard for multimedia content
and games on the web, at beginning of the BotSTEM project. Since it was developed as an Adobe Flash
application, it was running on all computer operating systems (Windows, MacOS, linux) as a
standalone application and also through a flash-capable web browser. However, it became evident
that Adobe was ending the Flash support by the end of 2020, therefore it was necessary to ensure
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that the Game would be able to run without Flash. It must be understood that Flash was the de facto
standard for multimedia content on the web, however most tablets and smartphones were not
supporting it. Therefore, since Flash support was also ending, it was decided to port the Game so that
we ensured it was future-proof and could run on any device. All assets were already created, and they
were transferred to an HTML5-compliant authoring tool, since there was no way of automatically
transforming a Flash-based application into an HTML5 app.
The first version of the HTML5-based Game was shown during Researcher’s Night in Cyprus,
September 2019, with one laptop and three Android tablets featuring the Greek version of the
application at the premises of the event, asking students, teachers and other visitors of the event to
test their knowledge in STEM areas. More than 14 000 people visited the premises of the event, with
an estimated 1 000 people having an actual hands-on experience.

Image 9: Version 1.5 of the HTML5 version of the Game

The final version of the Game was completed and integrated with the VLE in October 2019. It is
available in multiple languages, including English, can run in full screen and is compatible with all type
of devices, including computers, tablets and smartphones and even HTML5 compliant browsers on
Smart TV systems and game platforms.

5. Additional & Future Developments
The development work on software projects is a never-ending procedure, since updates and upgrades,
including new features, are constantly added. Therefore, both the VLE and the Game are expected to
undergo improvements, both during the project duration and well after it is officially completed.
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5.1 Improvements and additions to the VLE
The VLE is a constant work in progress, with new content added and improvements made to the
platform, while promoting its use through various dissemination activities. The BotSTEM Toolkit, and
the activities and content developed based on it, are populating the main Moodle course and is
accessible to all teachers, regardless of country and language. In order to improve the impact of the
VLE in various different groups (teachers, students, parents etc) we have been implementing more
diverse, yet STEM-related content. The latest addition was made in July 2020, with a course dedicated
to online (free) games that promote robotics and coding activities. This course (“Coding Games &
Activities”) consists of ten open-access web portals containing coding games, designed for students,
teachers and parents, while some (ie Code.org) allow teachers to create student accounts to monitor
their progress in various activities.

Image 10: Coding Games & Activities Course

It is expected that new games will be presented in this course, and hopefully it will allow more visitors
to the Botstem.org VLE. Our intention is to drive educators to use the Toolkit and activities in their
classrooms, and also use the extra resources like these interactive games, to promote and enhance
coding skills.
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5.2 Proposed improvements to BotSTEM Game
The Game is a very important tool to assess students’ knowledge and skills in STEM subjects. Its HTML5
compliance, makes it a very good candidate to be used as a general tool for schools to assess the
experience of their students. We are confident that both the VLE and the Game will continue to be
used and improved for the foreseeable future, both from the botSTEM partners as well as any other
interested entity that would like to contribute time and effort. Therefore, we are already thinking
about a future, improved version of the Game that will include new features and more interactive
content. Some of the proposed new features, for a future version are:
•

Choice of characters of the assistant (ie Boy, Girl, Robot)

•

Choice of an avatar for the student

•

Tighter integration between the Game and the VLE, with the score passed to Moodle and
saved in the Gradebook (would require sign-in of the student). This will not be a mandatory
feature, but rather a choice

•

Simulation of coding activities (ie type or select the commands to view the result on screen)

6. Conclusions
Both the VLE and the Game are considered essential parts of the BotSTEM Project and have
undergone heavy testing and improvements in the past two years. Constant improvements and
upgrades are scheduled, and we expect more users to create accounts to access not only the
resources (which are open and do not require any sign-in) but also to contribute in the discussion
forums. Webinars are also essential part of the BotSTEM project, and a VLE is the perfect place to
host content presented during an online synchronous lesson. We plan to continue supporting and
maintaining both the VLE and the Game, well into this decade and to continue promoting and
improving the Toolkit.
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