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ABSTRACT

This work presents the design, development, testing and validation of a Photonic Virtual Laboratory, highlighting the
study of LEDs. The study was conducted from a conceptual, experimental and didactic standpoint, using e-learning and
m-learning platforms. Specifically, teaching tools that help ensure that our students perform significant learning have
been developed. It has been brought together the scientific aspect, such as the study of LEDs, with techniques of
generation and transfer of knowledge through the selection, hierarchization and structuring of information using concept
maps. For the validation of the didactic materials developed, it has been used procedures with various assessment tools
for the collection and processing of data, applied in the context of an experimental design. Additionally, it was
performed a statistical analysis to determine the validity of the materials developed. The assessment has been designed to
validate the contributions of the new materials developed over the traditional method of teaching, and to quantify the
learning achieved by students, in order to draw conclusions that serve as a reference for its application in the teaching
and learning processes, and comprehensively validate the work carried out.
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1. INTRODUCTION

Currently there is a growing tendency to introduce information and communication technologies (ICT) in the teaching
and learning processes of students, not only on the conceptual contents of the various teaching subjects, but also on the
procedural content. This is due to the large amount of didactic materials that can be made using ICT. Among these
materials, it stands out the great interest in the use of virtual laboratories, especially in scientific fields, since the
importance of the acquisition of skills by students is more necessary in science subjects, such as physics in general or
optics in particular. That is, laboratory practices are an essential educational resource in teaching experimental and
technical disciplines, and they allow students to check their degree of assimilation of the theoretical contents. However,
sometimes practice subjects carry some degree of difficulty for students in terms of understanding the experience. These
difficulties can be referred either to the theoretical foundation of laboratory practices, the procedure or how to use the
required equipment. Moreover, for different reasons real laboratories may not always be available to students, which
imposes restrictions on student learning when developing the procedural content of the subjects. Another factor that may
limit the use of real laboratories is the schedule, as the laboratory may not always be free for them to use. From this point
of view, the tools available today can be used to improve accessibility to the experimental part of the subjects by creating
virtual laboratory practices [1, 2, 3, 4, 5, 6].

In a previous work [7], our research group highlights the advantages of ICT instructional videos as tools to facilitate
meaningful learning in our students, and stressed that the introduction of ICT in the teaching of experimental science is
one of the most interesting stages of current teaching. This involves, for example, the introduction of new virtual
platforms such as e-learning, m-learning and b-learning, with innovative teaching resources that promote meaningful
learning in students. If we make an analysis of the tools related to virtual or remote laboratories, we find many resources
in recent literature [8, 9, 10, 11, 12, 13, 14].

Following this line of research, and based on some of our previous results [15, 16], in this work we have focused on the
design, creation and implementation of teaching materials that motivate the student and promote constructivist learning
when performing Photonics laboratory practices. These materials have brought together the science, such as the scientific
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content of Photonics, with the use of techniques of generation and transfer of knowledge through the selection,
hierarchization and structuring of information using concept maps. Concept maps are diagrams that represent organized
knowledge. The theoretical foundation for concept maps relies on Ausubel's Assimilation Theory [17], and Novak's
Theory of Learning [18]. A concept map consists of a graphical representation of a set of propositions about a topic, and
every concept map answers to a focus question that clearly identifies the issue the concept map should help to resolve
[19]. Our research group has applied concept maps as a teaching methodology in our assigned courses, in order to
promote meaningful learning, and to enhance different learning strategies that transform information about the contents
of a subject in knowledge [20]. In line with this approach, it has been shown [19] the statistically significant increase of
learning obtained after the use by students of knowledge models based on concept maps. It has been validated that
concept maps are very powerful educational tools to help students learn how to learn, when working with conceptual
contents. Moreover, concept maps can be useful when working with procedural content, by creating laboratory practices
procedural models based on concept maps [21]. These procedural models provide students new educational materials
that allow learning to proceed, and conducting laboratory experiments both on real and virtual environments.

In this work, we propose the connection between concept maps, as base elements of procedural models, and instructional
laboratory videos to study Photonics related content. Specifically, we have selected the contents of the Photonics
practices to perform, and we have implemented training videos as base tools for the design and creation of a virtual
laboratory, in order to facilitate students their training prior to the completion of the actual laboratory practices, or even
substituting them in virtual learning platforms such as e-learning, b-learning or m-learning.

2. METHODOLOGY
2.1 Objective: Creating a virtual laboratory based on instructional videos and concept maps

The overall objective of this work has been to design, develop and validate educational materials using ICT, and deploy
them on a virtual platform for the study of Photonics contents from a conceptual, experimental and didactic point of
view. The experience has been focused on the development of concept maps conforming procedural models, and in the
creation of instructional videos for a Virtual Laboratory.

To carry out the creation of the virtual laboratory with instructional videos, we have followed the following steps:

e Scientific review of contents: Selection of topics and objectives.

e Management and acquisition of additional laboratory equipment for the development of practices.

e Design of laboratory experiences: Development of practice manuals using procedural models, which show the
specific objectives, the materials used, the procedure and how to display the results.

e Setup and completion of the actual laboratory practice and recording of the instructional video.

e Selection of the most suitable scenes to show students a comprehensive overview of the practice carried out.

e Video editing: selecting shots and combining them into sequences to create a finished instructional video.

e Development of animations and infographics to complement the real images shot in the laboratory and provide
additional aid.

e Audio recording and soundtrack editing.

e Instructional video export in several media formats, compatible with different e-learning and m-learning platforms,
to facilitate distribution.

The developed instructional videos are one of the foundations of the virtual laboratory, and are logically sequenced and
structured, as in the real laboratory, to facilitate the inclusion of the objectives and procedures of the practice in question.
In this way we can virtually display how to make the whole experience, as it is done in the actual optical laboratory.
Addressing the practices in a sequential way in the instructional video allows optimizing available resources by not
having all groups of students using the same physical material simultaneously. It optimizes as well the time available,
allowing the realization of more complex experiences or a greater number of them. All the educational videos produced
have a common structure. They begin with the title of the practice and a short introduction to place such practical
experience in context of the course, and describe the basic theoretical concepts related to the experience that will be
performed. It shows the objective of the experience and the material to be used, and emphasis is placed on the steps to
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carry it out. Finally, it indicates how the students should analyse and present data. That is, in this material is integrated
the visualization of the experimental part of the practices and practice manual to adequately respond to the needs of the
students when they implement the experimental procedure.

Regarding the use of concept maps and procedural models on virtual laboratory practices, we intend to focus on the
content, foundations, objectives, materials, procedures, results and conclusions of the various experiments carried out in
the different instructional videos, using the focus questions of the developed concept maps. In this stage, the teacher gave
the student a concept map based on the practice that the student had to perform. This concept map gathers the title and
objective of the practice to be carried out. Similarly, the teacher provides the student with the instructional video of the
virtual laboratory, and the needed literature to cover the theoretical contents involved in the practice. Subsequently,
students must complete the concept maps of the practice manual by adding materials, procedures and possible cross-links
related to the theoretical foundations of the experience in question. At this stage, there is the possibility of structuring
theoretical contents through a concept map, or several linked concept maps, conforming a global knowledge model of
the contents seen in class. To help students build the maps, they were given a list with a minimum set of concepts that
should appear on their developed maps. Similarly, they were provided with a series of guiding questions that focus the
student's attention on the most relevant concepts of the practices. These guiding questions help in turn as focus questions
of the developed concept maps. After carrying out the virtual practice, the student must submit a final report of practices
exclusively using concept maps, including results and conclusions. Concept maps and procedural models are created
with the CmapTools software [22], which allows collaboratively reconstructing them, enables their use in networks, and
incorporate them into the developed virtual laboratory platform.

2.2 Design of the experience and assessment tools

Research has been developed following a quasi-experimental design with a pilot group consisting of 21 students. The
starting aim is to obtain baseline data to carry out later (in the 2013/2014 academic year) a quantitative comparison of the
learning amount achieved by students who have used the instructional videos in their laboratory practices through the
virtual platform, compared to the amount of learning achieved by students using traditional laboratory practices.

The objective of this stage is to obtain data from two different perspectives:
e A quantitative assessment of the learning achieved by students who have used the instructional videos when
performing laboratory practices through the virtual platform.
e A qualitative validation of the technical, instructional and learning aspects of the virtual laboratory created.

For the quantitative study, the teaching methodology employed in the learning process of the students is considered as an
independent variable. That is, using virtual laboratories with instructional videos in the practices (teaching methodology
of the experimental groups) or using the real laboratory (teaching methodology of the control groups). The dependent
variable is the amount of learning achieved by students related to the learning platform used. As assessment tool to
quantify the knowledge acquired on the practices, we have developed a questionnaire that the student must answer after
completion of each practice.

For the qualitative validation it has been taken into account the opinion of the students, as key participants in the
educational process. It has been designed a virtual laboratory evaluation form. The form allows the collection of the
views of students in the pilot group using a 5-point Likert scale and 3 additional questions that allow open-ended
responses. This information collection tool provides knowledge about the experience and their opinion about the
experience carried out. The indicators used in the design of the evaluation form are based on the aspects considered by
some authors [23] as quality criteria of materials.

The designed evaluation form comprises the following sections:

1) The first section is referred to functional and usefulness aspects, and consists of 11 items. This section includes
indicators to measure: teaching effectiveness, curricular relevance, accessibility, quality of the educational resources
employed, and virtual laboratory tutoring through forums and wikis.

2) The second section is based on technical and aesthetic aspects, and consists of 7 items. In this block, we include
indicators of the quality of the audio, video, animation, text, content, structure and use of e-learning platform from a
technical and aesthetic perspective.
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3) The third section deals with the didactic aspects summarized in 8§ items. This section provides information on: user
friendliness at university level, motivation capacity (attractiveness, interest), didactic approach (organization,
summary...) structured information with correct extension and scientific rigor, didactic effectiveness versus
traditional instruction, suitability as a support teaching material for the realization of laboratory practice, or appeal as
materials to replace real laboratory practices.

4) The last section is for comments. We ask students their opinion about the advantages of virtual laboratories in
relation to other means, and about any problems or inconveniences that may result from their application.

The rating categories established for each of the items and for the overall assessment are:

Excellent: 5 points on a Likert scale; Above average: 4 points on a Likert scale, Average: 3 points on a Likert scale;
Bellow average: 2 points on a Likert scale, Extremely Poor: 1 point on the Likert scale.

3. RESULTS
The virtual laboratory developed in this work consists of 16 instructional videos on:

1. Light scattering

2. Spectral brightness distribution of an LED
3. LED spectrum through a transmission grating
4. A CD as areflection lattice
5. Diffraction patterns
6. The Lambert-Beer law with grey filters

7. Fluorescence

8. The Lambert-Beer law with liquids

9. Determination Planck’s constant by means of LEDs

10. When is an LED a receiver?

11. Inverse-square law

12. Characterization of a solar cell

13. Determination of the wavelength of the light from an LED
14. UI characteristic of an LED

15. Linear polarization of light

16. Birefringence

Figure 1 shows some screenshots of the instructional videos made.
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Figure 1. Screenshots of some instructional videos of the virtual laboratory

In order to draw conclusions that serve as a reference for its application in the teaching and learning processes, and to
comprehensively validate the work carried out, we show the results obtained with the pilot course. Our goal is to later
implement a new corrected version of the virtual laboratory for quantitative validation in the 2013/2014 academic year.

The results obtained from the evaluation forms can be summarized as follows: First, the assessment of the functional
aspects by the students in the pilot group has been, overall, very positive. Most of the rated aspects in the form are in the
range of "Above average" or "Excellent” quality on the Likert scale. If we make a more specific analysis, the items in
this section that have better assessment are those corresponding to the quality of the instructional videos and the quality
of the concept map procedural model. These items have been rated as "Excellent" by 52.3% of students (instructional
videos), and 42.8% of students (procedural models). The item that scored worst is corresponding to the indicator
measuring the "accessibility". This could be improved in a future set-up of virtual laboratory.

Concerning the results of the evaluation of the didactic aspects measured in the second section of the evaluation form, we
can note that they have been positive. We may highlight, as an example for analysis, two of the items where the student
was asked about whether the instructional videos produced could be a supplement for the real laboratory, or even a
replacement for it. Thus, 47.6% believe that these didactic materials are "Excellent" as support material for the
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laboratory. However, only 19% considered an "Excellent" idea using these materials to replace actual practice. The
highest score for this item (33.3%) was in the “Average” rank. Given these results, it is clear that the main idea is not to
replace the traditional practice laboratory, but rather supplement it with the use of the virtual laboratory. However, in the
case of distance learning processes through e-learning platforms, where it is not possible to have a real laboratory
available, the designed and developed instructional videos can be a fine substitute for the actual experience, and provide
students with the same contents achieved in actual practices.

Regarding the assessment of the effectiveness of the developed procedural models, we conducted a quantitative
estimation of the value of the concept maps made by the students in the pilot group. To carry out this assessment, we
used Novak’s method [18]. The score in each of the maps made by the students was compared with values obtained from
the guide procedural model made by the teacher. Thus, it was possible to quantify the degree of knowledge that the
student had about the proper procedure for the successful completion of the practice. This quantification of the acquired
knowledge was obtained from hierarchies, valid relationships, valid and meaningful cross-associations, and examples
provided by the students in their procedural models. The scores on the maps have revealed that the integration of these
didactic materials in the laboratories leads students to a better understanding of the procedure that takes place in virtual
practices.

4. CONCLUSIONS

Overall, the results of this research have shown that virtual laboratories created incorporating instructional videos have
offered us a useful tool to promote constructivist learning, designed to foster conceptual change by performing virtual
practices, organized and sequenced for students to reflect on the information and content they receive. The instructional
videos are a virtual guide to the experiment to be performed, which is an advantage for simultaneously carrying out
practices when there is little laboratory equipment.

We believe that presenting various formats of audio-visual materials to complement the traditional manual of the practice
laboratory may provide students with a better use, since they contain both the theoretical foundation and the development
of the practice. In addition, video can add value on a class or a conventional laboratory session. For example, it provides
access to experiences and it shows in detail the procedure for performing them. As for the procedural models used,
concept maps have helped the students in the process of acquisition of conceptual and procedural content in an
organized, sequenced, hierarchical and inclusive way. These procedural models help learning how to proceed in the
practices. This virtual laboratory does not encourage the disappearance of the real laboratory, but the integration of both
in our teaching practice.
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