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Abstract 
Learning about the synthesis, properties and applications of organic materials with thorough industrial 
and technological applications such as polymers is fundamental in University degrees as diverse as 
Chemistry, Chemical Engineering and Optics and Optometry. Hence, these topics are included as 
fundamental sections of three different compulsory subjects in the above-mentioned degrees at our 
University.  

These subjects include some laboratory sessions as an essential complement to the theoretical 
lectures. Exploiting these experimental activities is essential for the students to assimilate and 
interconnect key concepts, besides the educational feedback they obtain from interacting and 
discussing with other scholars and teachers. However, the academic staff involved in the teaching of 
these polymer science courses has been detecting several problems during these laboratory sessions, 
which prevent students from achieving an adequate and deep learning. In fact, the main problem 
arises from the different Organic Chemistry background of our students, who need to handle several 
chemicals and manipulate laboratory material following some basic laboratory operations during the 
sessions. 

Therefore, demonstrators have to spend an excessive laboratory time, restricted only to 3-4 sessions, 
dealing with basic laboratory techniques or experimental procedures. Similarly, students focus mainly 
on these aspects rather than on understanding the connections between theoretical concepts and 
experimental observations, key for their correct academic progress and one of the main goals of the 
teaching laboratory sessions. In order to deal with these special features, and bearing in mind the 
proper academic progress of the students, herein we present the preparation of a virtual laboratory 
notebook in a Moodle MoodleTM-based platform, which includes multimedia materials to facilitate the 
autonomous learning of our students. This web-notebook is being implemented as the main part of a 
teaching innovation project in this academic year, and we would expect a considerable improvement 
in two different aspects: 

• The students would learn how to address the general experimental tasks of the experiments 
proposed, including the basic laboratory techniques. As a result, the training is expected to be 
more homogeneous among students, increasing simultaneously their efficiency and safety 
during the time-limited laboratory sessions. 

• The possibility of visualizing the videos as well as reading the corresponding texts before and 
after the experimental sessions would help students in understanding the fundamental concepts 
that lay behind the procedures they follow, and the observations they make during the sessions. 

Additionally, this web-notebook would also introduce web-based learning tools to the students, 
increasing their skills in new teaching platforms. Finally, in order to facilitate the foreign students’ 
integration and avoid language barriers, and to help our students to improve their language skills, we 
intend to include materials in both Spanish and English. 
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1 INTRODUCTION 

1.1 Context 
The understanding of chemical transformations and processes is of key importance in different 
knowledge areas. Within this general discipline, the study of organic materials of industrial and 
technological interest has arisen as an important subject in different University degrees due to their 
growing relevance in nowadays society. Hence, the synthesis, properties and applications of basic 
and advanced organic materials have become relevant teaching topics in the Chemistry, Chemical 
Engineering and Optics and Optometry degrees at our University, which include specific subjects and 
courses where these concepts are covered. 

Moreover, experimental laboratory courses are an essential part in education at all levels of Natural 
Sciences in general, and in Chemistry in particular.[1] Thus, from the point of organic materials, we 
offer the students a series of laboratory experiments with the aim of illustrating and to strengthening 
the learning of some of the key concepts introduced in the lectures. In this sense, an adequate 
progress of the students during these experimental sessions, called generically Organic Materials 
Laboratory, is of key importance to fulfill the objectives established for those subjects. 

1.2 Difficulties 
At this moment, students carry out individually 4-7 experiments covering the main synthetic methods 
of polymeric organic materials during 3-4 sessions scheduled on consecutive days. In this context, the 
demonstrators responsible of the teaching during the last few years have realized students have to 
handle, in a short timeframe, a wide variety of theoretical information, concepts, experimental 
techniques and procedures during these demonstrations. As a result, students do not usually get a full 
understanding of the studied process and they are more concerned about the steps they need to 
follow rather the experimental process taking place and its objective or the reason why those 
steps/actions are needed. In short, as a general rule, students are not able to establish appropriate 
connections between these experiments and the underlying theoretical concepts, which ultimately 
could help to better understand and assimilate the latter. 

These issues become even more pronounced as a result of the different backgrounds in Organic 
Chemistry depending on the subjects coursed at Secondary School as well as the selected degree. 
Indeed, this is especially relevant for those students from Optics and Optometry as they do not have 
any previous course, theoretical o experimental, where they can acquire the basic laboratory skills 
required in an Organic Chemistry laboratory. Therefore, achieving a comprehensive learning during 
the laboratory sessions is an important but difficult challenge. Although to a lesser extent, this problem 
also concerns the students from Chemical Engineering. In this case, they do have a previous Organic 
Chemistry course, but the practical work is more focused on seminars dedicated to solve mechanistic 
and synthetic problems, while the laboratory sessions are more limited. Finally, in the Chemistry 
degree, even though this issue is less relevant, students must face the synthesis of materials that 
imply specific synthetic strategies that are quite differently from those applied for typical organic 
compounds. 

In addition to all above, the presence of students from other countries, mainly through the Erasmus 
program gives rise to language barriers which become more decisive during experimental sessions 
due to their inherent dynamics. 

1.3 Our proposal 
In this context, we came to the conclusion that the teaching-learning process should be improved by 
dealing with the issues previously mentioned, in order to ensure our students are able to acquire an 
adequate learning and fulfill the academic objectives established for these laboratory sessions. 

Our approach to tackle these problems and improve the teaching quality during these experimental 
sessions is based on the preparation of a virtual laboratory[2] notebook, including multimedia 
materials (videos, pictures,…) directly accompanied by explanatory texts that would be available for 
the students before the laboratory sessions. For this purpose, we chose the “Plataforma de Recursos 
de Apoyo a la Docencia (PRADO2)”,[3] a MoodleTM-based[4] platform from the University of Granada, 
as the learning environment for this multimedia lab book due to its versatility and ease of edition and 
updating. The main aim of this notebook is to provide students a self-learning environment where they 
can find the necessary tools to: i) carry on the tasks involved in the different experiments, both basic 
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operations and specific procedures, efficiently and safely, ii) get an adequate understanding of the 
processes taking place during the experiments, and iii) consequently relate them to the concepts 
studied during the lectures.  

Additionally, we also plan to offer those materials in English both to break the language barriers as 
well as improve the appropriate use of scientific terminology and English among Spanish students, 
developing their language skills. Finally, we think that the use of a MoodleTM-type platform would 
strengthen their skills in web-based learning environments and new computing technologies, a 
compulsory ability in nowadays society. [5] 

2 OBJECTIVES 
With the virtual laboratory notebook we seek to improve the whole learning experience of our students 
within the Organic Materials laboratory by achieving a series of specific objectives: 

1 To improve the significant learning of the synthetic methods and properties of the polymeric 
organic materials acquired by the students during the experimental sessions. 

2 To make these teaching laboratory sessions more dynamic, avoiding excessive explanations or 
stops during the sessions, that will allow demonstrators to focus on attending and helping 
students in their specific learning weaknesses. 

3 To strengthen the skills in new technologies and e-Learning environments of the students, 
making them familiar with the MoodleTM-based platform of the University of Granada (PRADO2). 

4 To allow the integration of students from different countries avoiding language barriers. 

5 To improve the foreign language skills of Spanish students as well as the use of the scientific 
terminology. 

6 To provide the students with the adequate tools to develop their self-learning skills, which may 
help them in their future professional development. 

3 METHODOLOGY 
As discussed the methodology proposed to tackle the difficulties identified, and achieve the goals 
established is based on the development of a virtual laboratory notebook in a MoodleTM-based 
platform which includes multimedia materials (videos and pictures) along with detailed information 
about the experiments proposed to the students during the practical sessions. 

To make this web-notebook we have defined a series of specific activities to be followed: 

• Activity 1: Preparation of the materials. Within this activity, we prepared the multimedia 
materials that explain both the theoretical fundaments of each experiment and the procedure 
that needs to be followed in order to carry it out. Mainly, we prepared a series of pictures 
showing the chemical reactions and the structure of the materials to be obtained, and we filmed 
and edited a series of videos showing the different experimental tasks students have to perform 
during the corresponding practical sessions. These videos show step by step the whole 
progress of the experiment and covered all the aspects students would have to handle to 
successfully perform the proposed experiments. In all cases, both the basic operations and 
techniques typical in an Organic Chemistry laboratory and the specific synthetic procedures 
followed to achieve the synthesis of the organic polymeric materials were included.  

During the filming, we used the state-of-the-art technologies present in modern smartphones, 
readily available, as they provide high quality videos, perfectly valid for our purpose. In this 
fashion, we reduced costs as no specialized filming equipment was needed, which made this 
methodology more affordable and accessible. In this context, the video editing was performed 
using open source or free software such as Avidemux 2.6 or Windows MovieMaker. 

• Activity 2: Assembly of the virtual laboratory notebook. After creating the different multimedia 
materials we prepared the web-notebook within PRADO2, the MoodleTM-based platform from 
the University or Granada, using the book resource. The videos and pictures were accompanied 
with explanatory texts that complement the visual information explaining all the aspects 
illustrated both in those multimedia materials. In a first stage the materials were provided in 
Spanish, but as discussed, we plan to include an English version at a later stage to fulfill 
objectives 4 and 5.  
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We chose this platform mainly for its versatility, the ease of edition and later modification or 
update of the contents, along with its user-friendly character for both teachers and students and 
for the support provided by the University of Granada. Moreover, in this way we achieved a 
perfect integration with the materials previously available in the platform for those subjects. 
Another advantage was the possibility of using the discussion forum resource as a way of 
communication, discussion and debate with the students before, during and after they carry out 
their laboratory sessions.  

Furthermore, in a second stage, we plan to use this notebook as an open window to the latest 
development in the field of organic material though the inclusion of news, links, etc. related to 
state-of-the-art research in the field, encouraging the students to go beyond the academic 
contents while establishing the connections with the current technology within the materials 
field. 

• Activity 3: Evaluation of the results achieved. In this last activity, we applied evaluation tools to 
monitor the learning process of the students and the impact of the virtual laboratory notebook in 
its improvement. Within the activity we can distinguish two different stages: 
o Application of three evaluation questionnaires. A first one will be provided before the 

practical sessions (but with the notebook already available) with the purpose of establishing 
the level of the students regarding general concepts and basic skills and techniques in 
Organic Synthesis needed in the demonstrations. The second one will be given after the 
sessions and intends to evaluate the significant learning achieved by the students after 
carrying out the experiments with the assistance of the virtual laboratory notebook. The third 
one will allow students to give their anonymous opinion and evaluate the notebook so we 
can get feedback about their experience in order to identify its strengths, weaknesses and 
aspects to be improved for the continuous upgrade we want to implement. 

o Data gathering, analysis of the results and deduction of conclusions. In this stage, currently 
ongoing, we plan to process and analyze the data obtained from the different questionnaires 
and evaluation tools to get the corresponding conclusions about the degree of achievement 
of the proposed objectives and the influence of the virtual laboratory notebook in it. Based on 
these conclusions we plan to establish a series of correcting actions with the ultimate goal of 
improving the teaching-learning process. 

4 EXPECTED BENEFITS 
With our methodology, we expect to improve a series of aspects of the teaching-learning process 
within the courses where the virtual laboratory notebook is being implemented. In particular, we will try 
to solve the problems observed in previous academic years by achieving the objectives proposed. We 
expect the following benefits: 

• The multimedia lab book will expand the teaching materials available for the students and will 
complement the experimental teaching given in the corresponding courses. 

• The students will become more active in the teaching-learning process. On one side, their self-
learning skills will be strengthened and on the other, they will acquire the required knowledge to 
work in a more independently and efficiently way during the practical laboratory sessions. 

• As a result of the previous point, the students will achieve a higher degree of confidence to 
carry on the experiments and perform the different tasks in an efficient and safe way, as they 
would have previously seen in the corresponding videos how they should proceed during the 
experimental sessions. 

• The laboratory sessions will be more dynamic, as the demonstrators will not have to go through 
all the theoretical background or the basic techniques. As a consequence, there will be more 
time to focus on: i) the difficulties of the students, ii) stressing particular points of the experiment 
that should be highlighted for a better understanding or iii) commenting related topics, improving 
ultimately the learning experience. 
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• The introduction of web learning platforms like MoodleTM and multimedia materials will result 
more attractive to students than other more classic methodologies, taking into account the 
ubiquitous presence of new technologies in their daily life.  

• Language barriers will be reduced, allowing foreign students to be more integrated and improve 
the learning achieved. At the same time, language skills of the Spanish students will be boosted 
with the English version of the notebook, favoring their multilingual formation and, maybe, their 
future international mobility. 

• The notebook will be positive also for the integration of hearing impeded students as they will 
have available all the information about the laboratory sessions beforehand. 

• Finally, the inclusion of news and links about state-of-the-art results in the organic materials 
field will contribute to expand the background of students, encouraging them to go beyond the 
academic contents, and connecting them with the cutting-edge developments within the field. 

5 RESULTS 

5.1 Products generated 
The main deliverable of this work is the multimedia virtual laboratory notebook integrated on a 
MoodleTM -type platform as book-type resource to be used as a part of three university courses that 
include polymer science among their contents. This web-notebook contains a theoretical background 
and an experimental section for each of the experiments. The former explains in detail, through a 
series of pictures and explanatory texts, the reactions that will happen during the polymerization, the 
target structures, the characteristics and importance of the prepared materials and any other relevant 
aspect related to the experiment. The latter focuses on the experimental procedure students should 
follow to achieve the goals of each of the experiments. This section is mainly based on several videos 
that lead (or guide) students through the tasks they have to perform during the experiments and the 
supplementary texts that explain these tasks. An example of the notebook layout is shown in Fig. 1. 
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Figure 1. Screenshots of a representative example of the MoodleTM-based virtual laboratory notebook. 

In a future second stage we plan to make this notebook multilingual by incorporating an English 
version to minimize language barriers for foreign students and strengthen the language skills of our 
students. We also seek to incorporate other materials, like news, links to web pages and videos or 
pictures that will connect students to current developments made in the field of polymers and organic 
materials. 

5.2 Implementation 
The virtual laboratory notebook is being implemented during the second semester of this academic 
year in the Materials Science courses of the Chemistry, Chemical Engineering and Optics and 
Optometry degrees. However, only an initial version of the notebook including the academic contents 
has been developed to date. The incorporation of further information about state-of-the-art 
applications is still pending, and will be addressed at a second stage. Moreover, as a result of the 
different allocation of the laboratory sessions during the semester, we have only gathered results from 
the Chemical Engineering students at the moment. 

In particular, the web-notebook was available to our Chemical Engineering students, before starting 
lab sessions, for 3-4 weeks. During this period of time, students were asked to examine the virtual lab 
notebook in order to get acquainted with the basic operations, protocols and theoretical concepts later 
needed to carry out properly the corresponding experimental sessions. Afterwards, students 
underwent the first questionnaire with the aim of evaluating the extent of their learning through this 
virtual notebook. The marks obtained by the students are shown in Fig. 2. In summary, these very 
preliminary results were very positive, being 8.43/10 the average mark. Moreover, 60% of the students 
surveyed achieved a mark ≥ 9, and 74% of them got a result ≥ 8.5. 

Furthermore, the progress of the corresponding laboratory sessions also benefited from the 
implementation of this virtual notebook. Indeed, as the whole theoretical background was already 
discussed in the notebook, demonstrators could skip the discussion of these concepts and focus 
directly on more problematic issues raised by the students as a result of their previous work with the 
lab book. Consequently, less time had to be spent on this theoretical introduction. Finally, we also 
perceived a better understanding of the experiments, compared to previous years, by the students. 
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Figure 2. Marks obtained by the Chemical Engineering students in the first questionnaire  

(before the laboratory sessions). 

With more time available to carry on the experiments, our impression was that sessions were less 
busy and that students had more time to perform the tasks and understand their purpose, gaining a 
better comprehension of what was happening during the different steps of the experiment and its 
relation to the contents addressed during the lectures. We believe that this connection process 
between experiments and theory is an essential achievement as the laboratory sessions are intended 
to illustrate and reinforce those concepts, especially the more difficult. On the other hand, 
demonstrators could also devote more efforts to solve the questions raised by students and bring up 
different key points/aspects that should be clear to ensure the students acquire an adequate learning 
during the experimental sessions. 

Regarding this specific learning process, it has not been evaluated yet, as the second questionnaire 
will take place in the final exam scheduled in June. Therefore, no definitive results are available at the 
moment. Nevertheless, we have already obtained the results from the third questionnaire, the opinion 
survey, where we asked students to rate different aspects of the virtual laboratory notebook. The 
results, shown in Table 1, are quite positive in all categories. Thus, in general, the overall rate of the 
virtual notebook was very satisfactory, reaching 4.41 out of 5. In any case, there is still room for further 
improvement in future versions of the notebook. In particular, the best rated aspects were the 
information and materials provided (4.70 and 4.49 out of 5, respectively) as well as the impact on the 
learning acquired by the students (4.49 out of 5). On the other side, the organization and layout of the 
notebook was the worst rated feature (4.33 out of 5), meaning some effort should be devoted to 
improve these aspects in future versions. 

Table 1.  Rating given by the students to different aspects of the virtual laboratory notebook. 

 Rate 

Information provided 4.70/5 

Multimedia materials  4.49/5 

Virtual Notebook organization 4.33/5 

Clarity  4.46/5 

Impact on a better understanding of the 
concepts and processes taking place 4.39/5 

Impact on the learning acquired 4.49/5 

Overall rating 4.41/5 

To conclude, we also asked the students to highlight one positive feature of the notebook and another 
one that could be improved. Among the different answers, the students have considered the 
implementation of the web-notebook as a positive initiative which has helped them to better 
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understand the theoretical concepts. In addition, some students have also highlighted the better 
preparation and understanding they achieved before the practical sessions, gaining confidence, 
whereas others have described the web-notebook as clear, straightforward and user-friendly. On the 
other hand, some of them suggested the notebook should be also available as a pdf file, an issue 
easy to solve, along with some improvements on the management of the MoodleTM-based platform. 

6 CONCLUSIONS 
Over the last years we have observed that students of Chemistry, Optics and Optometry and 
Chemical Engineering present several difficulties in practical lessons related with polymer chemistry, 
not only with basic concepts but also with the understanding and execution of the experimental 
protocols. To tackle these issues and improve their learning, we have designed and elaborated a 
virtual laboratory notebook based in PRADO2, a MoodleTM-type platform from the University of 
Granada. This web-notebook is related to Organic Materials Laboratory subjects, compulsory in the 
three degrees. The combination of multimedia materials (pictures and videos) with explanatory texts 
and comments makes this notebook a great tool to ensure a better understanding and performance of 
the laboratory sessions. This notebook was available before the students perform the experiments, 
allowing a previous knowledge of the theoretical background, the protocols, the tasks that should be 
carried out as well as the corresponding guidelines for accomplishing them safely. The possibility of 
visualizing and understanding organic reactions also gives to demonstrators more time to solve 
concrete problems and help students to establish a direct relationship between theoretical concepts 
and experiments. Moreover, this virtual notebook will be available not only in Spanish but also in 
English, with the aim of improving language skills and minimizing language barriers for both Spanish 
and foreign students. Taking advantage of the actual interest of students in new technologies, we 
believe this tool will also strengthen their skills in these new e-Learning methodologies. Finally, the 
usefulness of this web-notebook will be judged both by academics and students with the aid of three 
questionnaires. These evaluation tools will allow us to evaluate the academic results and compare 
them with those obtained in previous academic years, and to get feedback from the students about the 
web-notebook. Preliminary results are quite positive as our Chemical Engineering students (the only 
evaluated group at this moment) have obtained very good marks in the first questionnaire, with an 
average mark of 8.43/10, and have evaluated the whole idea/project of using a virtual laboratory 
notebook with a rate of 4.41/5. However, the complete results from the three groups are still needed to 
confirm the usefulness of our project. 
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