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Abstract 
Learning how to effectively communicate scientific results is essential for upper undergraduates and 
graduates. Our previous projects on this topic have identified the need to incorporate web 
questionnaires and other interactive content into the educational program, as they meet the students' 
demands and provide a training feedback. To facilitate the acquisition of communication skills, we are 
developing materials that combine information and communications technology (ICT) self-learning 
environments with traditional classroom teaching (blended learning).  
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1 INTRODUCTION 
The writing of scientific reports is crucial both for the effective transmission of knowledge and for its 
own acquisition [1]. Laboratory notebooks and reports constitute the first scientific writing experience 
for most undergraduates. The writing of Graduation thesis, Master thesis, first stage researcher report, 
etc., is more demanding, and often evidences a gap in the education. Transversal skills for written and 
oral communication are indispensable (not only to undergraduates and graduates, but also for 
lecturers and scientists). However, they are rarely provided by the university degrees. Effective 
presentation of results is an essential skill that may determine the employability of graduates in 
Science, Technology, Engineering and Mathematics (STEM).  

Since 2016, we have been working on the development of materials to improve the communication 
skills of scientific results [2-4]. First, we carried out a compilation of the international standards that 
constitute the basis for the writing and oral presentation of the scientific material. The relevant 
documents published by official organizations, scientific societies, scientific publishers, associations of 
scientific publishers, etc., as well as numerous specialized monographs, were thoroughly reviewed. 
Then, highly recognized style guides and good teaching practices in the field were also identified. 

As a result of these previous educational innovation projects, materials covering the various aspects of 
written and oral communication have been developed. Although the Physics degree has been central, 
these materials have been designed keeping in mind all STEM students and lecturers. Past students, 
though highly rating these materials, spotted the convenience of incorporating materials that combine 
ICT self-learning environments with traditional classroom teaching (blended learning) [5]. These new 
blended learning materials should facilitate the acquisition of the necessary oral and written 
communication skills, make more effective their presentation of results and, consequently, enhance 
their employability as graduates.  

The development of effective mixed learning tools (blended learning) requires extensive experience in: 
(i) teaching experimental sciences, (ii) elaboration of curricular materials based on Information and 
Communication Technologies (ICT), (iii) design of multimedia environments, and (iv) project 
management and quality assessment. Given that significant advances in educational innovation often 
occur in interdisciplinary contexts [6], the team of this project is composed of lecturers with 
complementary skills and experience in several university degrees. 

This project encourages and disseminates good academic practice in the communication of scientific 
results by combining traditional classroom teaching with online activities and resources. Its objective is 
the optimization of the teaching-learning process of the communication skills of scientific results by 
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incorporating web questionnaires and other interactive content into the educational program [7]. Its 
development requires and encourages the active participation of the students, since the update of 
materials take into account the information received from users. That is, these self-learning materials 
are designed on the basis of the experience from previous projects and the suggestions and 
assessments made by the students. The project methodology includes educational data mining aimed 
at identifying the most effective materials and activities to achieve its objectives [8]. 

2 METHODOLOGY 
The strategic lines of action of this project are the incorporation of ICT tools, and the use of active 
methodologies for learning. Online questionnaires are common ICT resources because they provide 
immediate results that are fairly objective and rigorous. Mixed learning tools (blended learning) have 
also been explored in educational psychology for quite some time. However, the development of these 
types of tools with the aim of improving scientific communication skills is original. The importance of 
this educational innovation project lies in the fact that there are not, to the best of our knowledge, 
similar initiatives to improve teaching quality by addressing the various aspects of communication of 
scientific results in such a rigorous and extensive way. 

This e-innovation places the student at the center of the learning process, and incorporates 
pedagogical supports suited to their needs. In order to optimize the teaching and learning of 
communication skills of scientific results, an autonomous learning system with formative e-feedback 
has been developed. It complements the acquisition of this knowledge and of transversal skills 
through on-site classroom teaching. Self-learning activities are designed as an essential part of the 
educational plan of this educational innovation project. Students can thus better organize their own 
learning and teachers can track the acquisition of knowledge and skills, as well as identify the most 
effective activities and resources. That is, flexible use of ICTs is promoted to make learning more 
effective within a mixed on-site/on-line context. Students receive formative feedback from both the 
teacher and the self-learning platform. This methodology has great acceptance among students and 
makes their training work less arduous and more enjoyable. 
The educational program incorporates online questionnaires and other interactive content developed, 
mainly but not exclusively, using the exe-learning tool. This is a free multiplatform software (that can be 
run on different OS) that allows easily designing and creating web content. The self-learning system is 
implemented through institutional web pages or through the institutional online platform (Moodle) thanks 
to the possibility of generating Shareable Content Object Reference Model (SCORM) questionnaires. 

3 ON-LINE QUESTIONNAIRES 
Based on the materials and results of the previous projects, the project team has developed a bank of 
multiple-choice questions with their corresponding e-feedbacks (Fig. 1). Using this question bank, 
online questionnaires have been designed, which can be implemented in institutional teaching web 
pages or in the Moodle institutional online platform. Most of the items serve to discuss different topics, 
such as the poor legibility, the choice of colors, the format of labels, etc. Throughout the project, still in 
execution, the data provided by the students using the questionnaires is analyzed. Then, the question 
bank and the questionnaires are both reviewed and updated. Especially important is the feedback 
given to the students in the case of a wrong answer because, in addition to the reflection on the error, 
it should encourage the search for the correct information in the study materials provided. 

Official documents and their guides cannot be substituted by on-line questionnaires. However, they 
have shown to be effective tools to get to know those documents, to get acquainted with the rules of 
scientific communication, and to learn strategies for effective communication of scientific results. 
Some inconsistences can be found when consulting a large number of official documents on scientific 
writing. Therefore, a decision has to be made to rank their reliability. In the preparation of the databank 
and the questionnaires, the International System of Units has been given the highest rank, together 
with the accompanying guides prepared by the National Institute of Standards and Technology (NIST). 
ISO 80000 standards (agreed by the national standardization bureaus of the 162 ISO members) have 
been ranked second. The third rank has been given to the guides from the International Union of Pure 
and Applied Physics (IUPAP) and Pure and Applied Chemistry (IUPAC). Style guides from American 
Institute of Physics (AIP), American Chemical Society (ACS), Institute of Electrical and Electronics 
Engineers (IEEE), Institute of Physics (IOP), The Chicago Manual of Style, Oxford New Hart's rules, 
and recommendations from editorial offices of top scientific journals have also been considered. 
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Feedback example 

 Figure 1. Examples of items of the online questionnaires. The first panel includes one example 
 of feedback provided to the students after sending the answers. 
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4 CONCLUSIONS 
Teaching should not be limited to the transmission of knowledge to the students. It should also 
prepare them to be good communicators of scientific results. The ability to effectively transmit 
information in written documents and in multimedia presentations is a competence of enormous 
importance. The conventions in every scientific field must be known, and with the presentation style 
has to be adjusted to such conventions. Being able to fluently present your work, your achievements 
and their importance is essential in STEM. Possessing excellent communication skills is highly valued 
in job interviews. 

The communication of scientific results is a complex activity that requires taking care of both the 
content and the form. An effective communication requires not only thorough preparation of content, 
but also good style. The presentation style must follow the established standards, and the flow of 
ideas must show a logical argument, because only in this way the audience keeps the interest. 
Different audiences need different communicative approaches, but they all deserve respect: careful 
preparation of the communication is mandatory.  

Educational innovation projects on scientific communication cover an aspect of the teaching process 
that has been traditionally neglected or, at least, that has not received the necessary attention. 
Therefore, they can have a very significant impact on the graduate training. 
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